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COMET  1920  a  (Comas  Sola) 


A  cablegram  received  from  M.  G.  Lecointe,  Director  of  the 
Central  International  Bureau  of  Astronomical  Telegrams,  at  Brussels, 
announced  the  discovery  of  a  comet  by  Comas  Sola,  visible  in  a  large 
telescope.     The  comet  is  apparently  stellar. 

The  following  positions  are  given: 


Comas  Sola 
H.  C.  Wilson 
Barnard 


Jan, 


13.5011 
20.6610 
24.5240 


8h  06m  44. '0 
7  57  40.5 
7   52      35.8 


■22°  23'   00" 
h21     40     54 
f 21     15     08 
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PRELIMINARY  NOTE  ON  AN    ANNUAL  TERM  IN   THE   RIGHT  ASCENSIONS, 

By  M.  J,.  ZIMMEE 


In  January,  1913,  it  was  decided  to  undertake  the 
determination  of  the  positions  of  Boss'  1059  stars 
south  of  +30°  declination  by  strictly  fundamental 
methods,  using  the  new  Meridian  Circle  of  190  mm. 
aperture.  At  that  time  little  had  been  done  to  tesl 
the  new  installation.  My  first  task,  therefore,  was  to 
make  the  necessary  investigations  for  showing  its 
capabilities.  A  full  description  of  the  instrument 
with  the  various  investigations  will  be  published  in 
the  first  volume  that  appears,  containing  results  ob- 
tained with  it.  Suffice  it  to  say  here,  that  the  instru- 
ment has  been  thoroughly  tested  and  the  results  of 
the  various  investigations  confirm  what  was  already 
known  of  Repsold's  instruments;  namely,  that  they 
are  of  a  uniform  high  degree  of  excellence  and  capable 
of  doing  work  of  the  greatest  precision. 

Although  the  instrument  had  been  shown  in  be 
capable  of  doing  work  of  a  very  refined  character. 
it  was  realized  from  the  first  that  it  would  count  for 
very  little  unless  we  could  depend  upon  the  clock  to 
maintain  a  uniform  rate  for  at  least  twenty-four  hours. 
The  two  self-winding  Riefler  clocks  were,  therefore, 
placed  in  the  vault  made  in  the  brick  structure  which 
support-  the  instrument,  and  their  cases  hermeticallj 
sealed.  The  temperature  of  the  vault  has  been  main- 
tained constant  by  means  of  a  delicate  thermostat  in 
conjunction  with  an  electric  heater.  By  taking  chron- 
ographic  comparisons  every  twelve  hours,  one  clock 
lias  been  made  to  check  the  other.  All  causes  known 
to  produce  diurnal  variation  in  the  clock  rate  having 
been  removed,  and  the  instrument  having  been  thor- 
oughly tested,  we  were  now  ready  to  start  the  program, 
which  was  accordingly,  done  in  December  1916. 

Observations  made  previous  to  this  had  shown  a 
very  interesting  phenomenon.  Clock  corrections  ob- 
tained in  the  evening  at  or  near  the  vernal  equinox 
were  uniformily  larger  by  \07  or  \08  than  those  found 
from    the   corresponding   morning   observations.     This 


was  universally  the  case,  regardless  of  which  clock  was 
used,  and  showed  no  dependence  on  observers.  From 
comparisons  made  with  the  observations  taken  at  the 
autumnal  equinox,  it  was  shown  thai  not  more  than 
half  this  was  due  to  existing  periodic  errors  in  Boss' 
P.  (!.  C.  as  the  difference  now  became  II.  This  left  an 
unaccounted  for  difference  of  .01  bet  ween  morning  and 
evening  observations.  As  it  was  believed  thai  no 
part  of  this  could  be  attributed  to  the  clock  since  it 
had  been  freed  from  all  suspicion,  and  as  it  had  been 
shown  that  this  difference  bet  ween  morning  and  evening 
observations  was  not  due  to  the  personality  of  the  ob- 
server,  nor  to  the   periodic  errors  in   the  star  list,   it 

became  evident  lhal  before  we  could  reduce  the  fun- 
damental observations,  now  well  nigh  completed,  an 
independent,  investigation  of  this  phenomenon  would 
have  to  be  undertaken.  The  preliminary  results  of 
I  he  investigation  form  the  subject  of  I  his  paper. 

Two  groups  of  about  forty  stars  each,  the  mean 
I!.  A.  of  the  two  groups  being  6h  and  IS1,  respectively, 
were  selected.  Observations  were  begun  in  March. 
L917,     and     continued     through     the     three     successive 

equinoxes.  It  was  planned  to  make  at  leasl  sixteen 
observi  tar  at  any  one  equinox,  distrib- 

uted equally  as  to  clamp,  and  symmetrically  with 
respeel  to  sunrise  and  sunset.  This  program  lias  been 
carried  out.  Perfect  symmetry  svith  respeel  to  sun- 
rise1 and  sunset  has  no!  ben  attained,  due  to  the  un- 
certainties of  the  weather;  but  they  have  been  sym- 
metrical enough  to  show  that  little,  if  any  difference 
exists  between  transits  made  in  daylight  and  thosi 
taken  in  darkness. 

The  observations  have  been  reduced  by  strictly 
fundamental  methods.  Omitting  details,  for  the  sake 
of  brevity,  the  following  results  show  to  what  degree 
of  accuracy  the  instrumental  constants  have  been 
determined,  and  give  an  index  as  to  what  degree  of 
confidence  (he  results  are  entitled. 

(1) 
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March  1.3 

.14 

1.8 

.14 

3.3 

.14 

8.3 

.17 

8.8 

.18 

9.0 

.15 

9.3 

.17 

9.5 

.10 

.17 

Marcl 

11.8 

U5 

.15 

12.0 

.13 

.10 

12.3 

.13 

.10 

12.:, 

.10 

.10 

12.8 

.15 

.14 

13.0 

.13 

.15 

13.3 

.16 

.10 

1.  Collimation.  The  collimation  has  remained  con- 
stant for  upwards  of  three  years.  The  only  changes 
that  have  ever  been  noted  are  those  that  occur  when 
for  any  reason  the  objective  or  eye-piece  lias  been 
changed.  During  periods  of  observing  it  has  been 
determined  at  intervals  of  two  weeks.  The  brute  mean 
of  all  the  determinations,  made  during  these  three  years, 
has  been  taken  as  i  he  must  probable  value  to  be  em- 
ployed. On  the  supposition  that  it  had  been  a  constant 
during  this  time  the  p.  e.  of  a  single  determination  was 
found  to  be  ±s.002  with  the  largest  residual  only 
\008. 

2.  Level.  The  level  undergoes  but  slight  changes 
during  the  twenty-four  hours  and  for  long  periods  of 
time  it  often  remains  practically  a  constant.  The  little 
table  covering  the  firsl  two  weeks  of  March  of  this 
year  shows  that  whatever  changes  have  taken  place 
have  been  slight. 

March  9.8 
10.0 
10.3 
10.5 
III.S 
11.0 

11.3 
11.5 

The  so  called  instantaneous  values,  however,  have 
been  used  in  all  cases. 

3.  Azimuth.  The  azimuth  has  been  determined 
from  upper  and  lower  culminations  of  the  four  fol- 
lowing circumpolar  stars:  £  Mensce,  L  7088,  \  Octantis 
and  a  Octant's,  corrected  for  (dock  rate  and  small 
changes  of  azimuth  as  indicated  from  the  mire  readings. 
The  azimuth  like  the  level  undergoes  but  slight,  changes 
from  day  to  day.  The  mire  is  such,  as  pointed  out  by 
Dr.  Glancy  in  a  paper  read  before  the  second  Pan- 
American  scientific  congress,  that  the  instantaneous 
azimuth  of  the  instrument  can  be  determined  from  a 
se1  of  readings  (usually  the  mean  of  five)  with  the  same 
accuracy  as  from  upper  and  lower  culminations  of  a 
single  circumpolar  star. 

I.  '  Jlock  <  JoERECTION  AM)  Rate.  The  clock  correc- 
tion and  rate  have  in  all  cases  been  determined  in  the 
following  manner.  Some  ten  time  -tars  in  each  group 
were  selected  lor  determining  the  clock  correction, 
and  iii  order  to  make  the  clock  corrections  the  most 
homogeneous  possible,  these  same  stars  have  been  used 
throughout  the  work.  Each  group  furnishes,  then, 
a  clock  correction  independent  of  the  other.  Assuming 
the  clock  correction  obtained  from  the  evening  ob- 
servations to  have  equal  weight  with  that  of  the  morn- 
ing group,  and  that  the  rate  had  been  constant   for  the 


week,  equations  of  the  following  form  were  set  up  and 
solved.  pt  +  At,  =  At  where  p  =  rate  and  A/„  the  clock 
correction  for  the  mean  of  the  dates.  The  week  of 
March    13    17,   taken  at   random,  shows  the  process 

o  C  o-c  V 

March  13.25  -44.049  -44.088  +.039  -.010 
13.75  -44.S20  -44.783  -.043  +.006 
14.25  -44.835  -44.879  +.044  -.005 
14.75  -45.012  -44.974  -.038  +.011 
15.25  -45.019  -45.070  +.051  +.002 
15.75  -45.218  -45.105  -.053  -.001 
16.25  -45.199  -45.261  +.002  +.013 
16.75      -45.410      -45.350      -.000      -.011 


Mean     15.00     -45.022 


.049 


.0078 


The  conditional  equations  are: 

-1.75p   +Ma   =    -44.0  19 

-1.25P   +At0    =    -44.826 

-0.75p   +Ai0    =    -44.835 

-0.25p   +At0    =    -45.012 

+  0.25p   +At0    =    -45.019 

+  0.75p   +A^„    =    -45.218 

+  1.23p    +Atu    =    -45.199 

+  1.75p   +Ai„    =    -45.410 
Solving  for  24''  clock  rate 

p    =    -.191 
Substituting  now  in  the  conditional  equations  clock 
collections  were  computed  for  each  date. 

The  column  headed  0-C  shows  with  what  fidelity 
the  clock  correction  found  from  the  group  observed  in 
the  evening  differs  systematically  from  that  obtained 
from  the  group  observed  in  the  morning.  During  the 
prosecution  of  the  work,  not  a  single  exception  to  this 
has  ever  been  noted.  The  column  headed  1"  shows 
how  much  the  actually  observed  clock  corrections 
differ  from  those  computed  on  the  hypothesis  that 
the  rate  had  keen  uniform  during  that  period.  Since 
the  average  deviation  is  only  s.008  there1  is  not  much 
left  to  be  attributed  to  irregularities  in  the  rate.  If 
a  term  depending  on  the  square  of  the  time  had  keen 
put  in,  the  residuals  might  have  keen  made  still  -mailer; 
but  in  the  few  cases  in  which  such  a  term  was  insetted 
not  much  improvement  was  noted.  In  one  or  two 
cases  there  were  found  rather  larger  residuals  than 
was  to  be  expected.  This  led  to  a  study  of  the  weather 
maps  in  the  hope  that  they  could  be  connected  with 
barometric  gradients  as  pointed  out  by  Conrad  of 
the  U.S.  Naval  Observatory;  but  we  met  with  little 
success.  The  computed  clock  corrections  have  keen 
used  in  all  cases  to  reduce  the  observations.  The 
final  positions  are  independent  of  any  system,  having 
been    reduced    by    thoroughly    fundamental    methods 
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They  are  closely  related  to  Boss'  system,  however, 
in  that  the  right  ascensions  of  the  time  stars  were 
taken    from    his    P.G.C.       Any    righl     ascensions    ai 


all  could  jusi  as  well  have  been  used  withoul  changing 
the  final  results  in  the  leas! . 

The  following  table  gives  the  results  of  the  obser- 
vations made  at    the  last    three  successive  equinoxss. 


Star 


1900.0 


Mag. 

Spec. 

M 

Ob 

A, 

1.0 

B2 

.020 

4- .055 

2.7 

G 

94 

58 

2.2 

B 

:; 

58 

2.6 

F 

1 

16 

2.9 

Oeh 

5 

51 

3.8 

/•' 

.  16 

83 

3.8 

B 

l 

51 

1.7 

B 

7 

17 

3.7 

F 

.468 

62 

3.6 

.1 

18 

II 

1..-) 

.1 

39 

19 

:;.o 

K 

.397 

37 

I. or 

.1/ 

29 

52 

3.7 

F 

.138 

48 

1.1 

/;:; 

4 

63 

3.9 

K 

33 

31 

1.3 

G 

.HIS 

IS 

1.1 

B 

37 

35 

4.9 

B 

22 

27 

4.2 

K 

21 

25 

I..". 

K 

76 

15 

3.0 

BB 

8 

30 

L.8 

Bl 

7 

17 

0. 

F 

18 

17 

I.I 

B 

23 

36 

1.5 

/;.-. 

32 

35 

1.1 

Bl 

8 

27 

l.ii 

A 

14 

29 

L.8 

A 

65 

51 

3.1 

B8 

20 

26 

5  ±  V 

o,:, 

8 

11 

3.1 

G 

20 

26 

3.3 

F 

.231 

:;i 

-2.0 

.1 

1.316 

63 

2.7 

K 

37 

28 

1.2 

/•' 

.132 

57 

t.5 

K 

4 

:,l 

2.7 

BZp 

90 

56 

L.5 

B2 

36 

36 

2.0 

A 

.264 

71 

3.4 

A 

83 

45 

2,1 

B 

28 

42 

2.7 

K 

.158 

51 

3.0 

F 

4 

44 

3.4 

G 

.816 

73 

Ob 


Z     H 


y  Orionis 
,i  Leporis .  .  .  . 
o  Orin a  is 
a  Lt  poris  .  .  .  . 
i    Or  in  H  is 
,i  Doradus 
a  Orionis 
f  Orionis 

~t    Lilian's 

f  Leporis . 
S  Doradus  '. 
.-;  (  'olumba 

a  Ononis 

)/  Leporis .  . 
-,  ( 'olumba 
(j  ( 'olumba 
Br.  880.  .  . 
;•  Orion  is 
5  Pictoris 
Br.  920 
x  (  olumba 
f  ( 'an.  Maj. 
,i  Can.  Maj. 
a  <  'arince 
v  Geminorum 
\  ( 'an.  Maj. . 
t  Can.  Maj. 
Br.  972 
-,  Gi  in  rn  or  ii  in 
v  Puppis 
S  Monocerotis 
<-  Geminorum 
i  Geminorum 

Sirius 

0  Aroe 

Br.  2198.  .  .  . 

a  Opluuilii 

a  Arm 

\  Scorpii 
a  Ophiuchi .  . 
$  Serpentis .  . 
X  Scorpii . 
fi  Ophiuchi .  . 
i  Scorpii  .... 
li  Herculis .  .  . 


19.8 
24.0 
26.9 
28.3 
30.5 
32. S 
33.7 
35.7 
10.3 
12,1 
14.  li 
47.4 
19.8 
51.9 
54.0 
56.1 
58.0 
1.9 
s.l 
li). ii 
13.0 
16.5 
is.:; 
21.7 
23.11 
24.5 
27.7 
30.9 
31.9 
34.7 
35.5 
37. S 
39.7 
40.7 
17.0 
20.3 
21.6 
24.1 
26.8 
30.3 
31.9 
35.6 
38.5 
40.6 
42.5 


+  6  16 

-20  50 

i)  22 

-  1  7   54 

-  5  59 
-62  33 

-  2  39 

-  2     n 

-  22  29 

-  1 4  52 
-65  46 

35    is 
+   7  23 

-  14  11 
-35   is 

-  12  19 
-,-23  16 
+  14  47 

5  I    57 

-  (i  15 
-35  6 
-30     1 

-  I  7  54 
-52  38 
+  2(1  17 
-32  ill 
-23  21 
-22  53 
+  16  29 
-43  6 
+  9  59 
+  25  14 
+  13  0 
-16  35 
-55  26 
-24  5 
+  4  14 
-49  48 
-37  2 
+  12  38 
-15  20 
-38  59 
+  4  37 
-40  5 
+27  48 


+  .046 
56 
19 

12 
51 
63 

:;i 
38 
r,i) 
15 
39 
38 
46 
16 
IS 

39 

l  i 
35 
21 
28 
27 
32 
31 
52 
29 
II 
39 
34 
15 
13 
13 
38 
43 
63 
31 
41 
55 
(is 
53 
69 
42 
44 
55 
58 
70 


-.021 
-.047 

-  .0 1 2 
.029 
.005 

+  .084 
+  .001 

-  .050 
-.046 

-  .002 
+  .121 

i  .002 

-  .033 

-  .018 
+  .017 

I  .005 
+  .012 
-.005 
!  .099 

-  .025 
I  .020 
-.051 

.039 
+  .012 

I  .022 
+  .053 

-.04  I 
+  .012 

-  .005 
-.018 

I-  -.01  1 

-.011 

(-.005 
-.097 
+  .093 
+  .048 
+  .032 
+.056 
+  .039 
+  .014 
+  .019 
+  .027 
+  .023 
+  .020 
+  .084 
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Star 

1900.0 

Mag. 

Spec. 

/i 

Obs. 

At 

Obs. 
As 

Z— B 

a                            d 

/,  7449  .  .  . 

h         in 

43.1 
45.6 
49.5 

53.5 
55.6 
58.8 
18     0,1 
7.8 
10.9 
14.6 
16.1 
17.5 
19.4 
21.8 
23.5 
26.4 
29.8 
31.4 
36.8 
39.4 
41.4 

-37      1 
-34  46 
-44  20 

-  9  46 
+   2  56 
-50     6 
+   2  31 
-21      5 
-36  48 
-29  52 

-  2  55 
-34  26 
+  21   43 
-25  29 
-14  38 
-42  23 

-  8    1!) 
-71  31 

-  9   10 
-27     6 
+  20  27 

3.1 
6.1 
5.0 
3.4 
4.0 
3.8 
4.3 
4.0 
3.0 
2.7 
3.3 
1.7 
1.0 
2.7 
4.7 
4.6 
4.0 
4.1 
4.8 
3.2 
4.3 

A' 
B 
A" 
K 

B5p 
B\ 
K 
B5 
M 
K 
K 
.-1 
K 
K 
A 
a 
K 
K 
F 
B 
F 

68 

17 

28 

.119 

14 

30 

1.13 

6 

.217 

51 

.898 

.139 

.324 

.197 

9 

47 

.318 

.  1 55 

14 

48 

.345 

35 
13 
37 
43 
54 
46 
68 
39 
57 
30 
38 
19 
23 
28 
17 
20 
Hi 
10 
28 
25 
11 

S43 
41 
58 
58 
58 
52 
67 
46 
38 
31 
42 
55 
32 
33 
41. 
29 
31 
38 
34 
30 
21 

+  .036 
+  .112 
+  .097 
+  .010 
+  .019 
+  .026 
+  .024 
+  .001 
+  .028 
-.013 
+  .031 
+  .027 
+  .024 
-.001 
+  .012 
+  .008 
+  .029 
+  .224 
+  .008 
+  .014 
+  .053 

Pi  245  .  .  . 

L  7  t85 

Br  2259 

0  Arm 

70  Ophiuchi 

n  Sagitiarii . 
;;  Sagittarii . 

Br.  2311  .  .  . 

X  Sagittarii 

Br.  2313 

d  Corona  A  ustr  . 

Br.  2330 

Br.  2342 

tp  Sagittarii . 

Br.  2351 

Ai  Difference  between  March 
A'>  Difference  between  March 
Z — B     Indicated  correction  to 


1**17"  and  September  1917 
1918  and  September  1917 
Boss'  /'  G.  C. 


For  all  stars  north  of  the  zenith,  the  mean  of  the 
March  ami  September  results  were  taken  anil  sub- 
tracted from  Lews'  P.G.C.  This  indicated  systematic 
corrections  to  the  P.G.C.  of  — s.019  for  the  6-hour  group 
and  +  \022  for  the  18-hour  group,  values  agreeing 
very  closely  with  what  Eiohelberger  at  Washington 
found  for  Newcomb,  although  he  used  only  six  stars 
in  each  group.      (See  report  of  American  Astronomical 

Society.    21st    meet  ing.  I 

The  column  headed  A  shows  the  difference  between 
the  March  and  September  results.  A  cursory  glance 
shows  thai  (here  is  a  pronounced  systematic  differ- 
ence. This  is  due  to  the  fact  that  the  stars  have 
transited  later  in  the  morning  than  in  the  evening. 
This  was  exhibited  in  a  somewhat  different  form  above, 
where  clock  corrections  obtained  in  the  morning  were 
shown  to  be  smaller  by  about  '.04  than  those  obtained 
in  i  he  e\  ening.  This  has  been  confirmed  so  many  I  imes 
;ii  different  equinoxes  :1ml  by  different  observers  thai 

il    appears  to  be  definitively  established. 

It  seems  very  improbable  thai  this  difference  is 
caused  by  a  diurnal  variation  in  I  lie  clock  rule,  since 
running  as  they  do,  under  constant   temperature  and 

pressure,  all   known  causes  that    produce  diurnal   varia- 
11  the  rale  have  been  removed.      To  produce  such 


an  effect,  the  clock  would  haw  to  run  perfectly  in  its 
imperfections  since  this  difference  occurs  with  such 
regularity  and  exactness,  and  is  the  same  for  the  two 
clocks.  Furthermore,  as  will  be  seen  from  the  above 
table,  this  difference  is  not  the  same  for  all  stars,  which 
it  should  be  if  caused  by  diurnal  variation  of  the  clock 
rate. 

The  remarkably  close  agreement  of  the  results  of 
March,  1917  with  those  of  March  of  this  year-,  would 
lead  us  to  expect  these  to  be  more  nearly  equal  if  they 
were  due  to  something  affecting  all  stars  alike.  The 
average  variation  of  these  quantities  from  their  mean 
is  two  or  three  times  what  we  should  expect  if  we  con- 
sider them  from  the  standpoint  of  their  probable  error. 
The  accidental  p.  e.  of  a  single  determination  of  right 
ascension,  made  under  good  conditions,  as  determined 
from  about  two  thousand  residuals,  is  not  more  than 
±.010  sec  0.  This  gives  t  .001  for  lie  p.  e.  of  each 
A  or  ±'.005  if  computed  from  the  differences  between 
the  results  of  March,  1917,  and  those  of  March,  1918. 
The  larger  p.  e.  found  from  these  differences  is  due, 
partly  to  the  fad  thai  the  observations  were  made  un- 
dei  ill  sorts  of  conditions  and  partly  to  the  fart  that 
they  contain  some  small  systematic  differences  which 
could  not  be  eliminated  as  I  he  law  of  the  phenomenon 
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was  not  yet  sufficiently  known.  The  range  of  these  A's 
is  twelve  or  thirteen  times  t  heir  p.  e. 

There  is  little  if  any  dependence  on  spectral  type, 
proper-motion,  or  declination;  bul  there  does  seem  to  be 
a  sMghi  dependence  on  K.  A.,  magnitude  and  galactic 
latitude. 

All  attempts  to  explain  this  phenomenon  on  phys- 
ical, physiological  or  psychological  grounds  have  failed. 
except  that  it  is  due  to  parallactic  displacement. 
But  such  parallaxes  as  these  are  inadmissible  accord- 
ing to  present  accepted  notions  of  the  apparently  well 
demonstrated  relations  between  stellar  proper-motion 
and  solar  parallactic  motion  in  conjunction  with  the 
accepted  Sun's  linear  velocity. 

It  might  be  well,  here,  to  call  attention  to  the  har- 
mony which  exists  between  these  results  and  that  found 
by  <  'handler  from  a  discussion  of  the  effect  of  parallax 
on  the  Z-term  in  the  latitude  variation  formula  (see 
.4.  ,/.  530).  He  finds  that  a  mean  parallax  of  about 
0".10  for  stars  of  the  sixth  magnitude  would  completely 
remove  that  term  and  remarks  that  if  this  value  of 
the  parallax  were  reasonable  he  would  recommend  this 
method  as  a  very  efficient  one  for  determining  stellar 
parallax. 

6-Hours  Group 


The  result-  of  Adams  and  Stromberg  al  Mi.  Wilson 
show  thai  tor  stars  of  small  proper-motion  there  is 
little  if  any  dependence  of   parallax  on  proper-motion 

and  that  the  observed  parallaxes  of  these  stars  are 
larger  than  those  computed  from  KapTEYn's  formula. 
These  cases  have  been  noted  merely,  to  point  out  thai 
there  is  considerable  evidence  lending  to  show  that  the 
mean  parallaxes  are  too  small  and  to  call  in  question 
the  apparently  demonstrated  relation  between  proper- 
motion  and  distance. 

On  the  hypothesis  that,  at  least,  some  of  this  differ- 
ence in  my  results  was  due  to  the  effect  of  parallax  a 
comparison  was  made  with  Adams'  spectroscopically 
determined  parallaxes  for  all  stars  in  common.  In 
order  to  make  the  comparison  Vdams'  parallaxes  were 
taken  as  standard  and  my  results  were  corrected  for 
what  could  in  any  way  be  interpreted  :iS  systematic 
errors.      The    following   table   shows    the   agreement    to 

be  good   in  general   and   especially  g 1   for   the  ti-hour 

group.  The  agreement  of  these  results  is  Mich  as  to 
lead    us   to   conclude   that    the   wide   range   of   difference 

in  the  observed    A's   is    not    fortuitous;     but    to    s e 

extent,  at  least,  due  to  the    •ffect  of  parallax. 

If    this    phenomenon    is    universal,    it    seems    certain 

18-HoURS    '  rROl   I' 


/3  Lepofis 

".04 

".DC, 

a  Leporis 

.03 

.03 

7  Leporis 

.15 

.12 

-q  Leporis 

.05 

.05 

Br.  880 

.(15 

.05 

f  Geminorum 

.01 

.01 

£  Geminorum 

.03 

.09 

ix  Herculis 

".OP 

".17 

71)  O phi iirln 

.20 

.25 

ii  Serpentit 

.05 

.0!) 

Br.  2311 

.113 

.00 

X  Sagittarii 

.US 

.03 

Br.  2330 

.(12 

.01 

Br.  2351 

.07 

-.02 

thai  it  lias  been  the  main  cause  for  introducing  the 
periodic  errors  in  practically  all  star  catalogs,  since 
it  would  be  almost  impossible  to  avoid  errors  of  such 
form  and  size  if  such  a  phenomenon  exists.  The 
consistency  with  which  these  same  or  similar  errors 
enter  into  practically  all  catalogs  points  to  some  other 
cause  than  the  diurnal  variation  of  clock  rate  as  com- 
monly believed 

As  stated  above,  whatever  difference  there  might  be 
between  observations  made  in  daylight  and  those  made 
in  the  night  has  been  almost,  if  not  quite,  eliminated. 
The  program  was  so  arranged  that  all  the  observations 
made  just  before  the  equinox  were  taken  in  daylight 
in  the  morning  and  in  darkness  in  the  evening.  After 
the  equinox  the  same  stars  were  observed  in  darkness 
in  the  morning,  while  those  in  the  evening  were  now 
taken  in  full  day.  As  very  little  if  any  difference  could 
be   detected    between   day   and    night    it    has   called   in 


question  the  validity  of  the  magnitude  equation.     As 

is  well  known,  stars  observed  in  full  day  are  about 
five  magnitudes  fainter  than  when  observed  al  night, 
and  for  thai  reason  if  the  theory  of  magnitude  equation 
were  true  the  stars  should  Iran-it  later  in  daylight  than 
in  darkness;  but  such  is  not  found  to  be  the  case. 
Eichelberger,  al  \\  ashington,  finds  I  hat  stars  act  ually 
transit  earlier  in  daylight  than  in  darkness,  although 
the  stars  are  four  or  five  magnitudes  fainter.  4'his 
might  be  due  to  defective  illumination;  but  with  the 
improvements  thai  have  been  made  in  recenl  years 
in  the  methods  of  illumination  such  is  not  likely  to  be 
the  case. 

At  the  lasl  two  equinoxes  two  groups  of  stars,  one 
in  01'  R.  A.  and  the  other  in  12h  were  observed  in  con- 
junction with  the  0  and  IS-hour  groups.  These  two 
groups,  of  course,  culminated  at  mid-day  and  mid-night. 
Due  to  the  difficulty  of  observing  at  mid-day,  the  obser- 
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vations  arc  too  few  to  be  of  much  value;  hut  they  show 
beyond  doubt  that  there  is  no  difference  in  clock  cor- 
rections obtained  at  mid-day  and  those  obtained  at 
mid-night.  From  now  on  the  tour  groups  at  intervals 
of  six  hours  -will  be  observed  at  the  solstices  as  well  as 
at  the  equinoxes.  It  is  hoped  and  expected,  that,  by 
the  end  of  the  present  year  when  the  program  lias  been 
completed,  we  will  have  the  data  necessary  to  a  com- 
plete solution  of  this  important  phenomenon,  and  to 
the  formulating  of  its  law  so  that  observations  made 
here  in  the  future  can  he  treed  from  its  effect. 

This  opportunity  is  taken  to  express  appreciation 
of  the  continued  interest  in  this  investigation  of  Hits. 
Pehkine  and  Glancy.  They  have  been  ever  rsady  to 
discuss  the  various  phases  of  the  work  and  have  made 
many  valuable  suggestions.      Dr.  Perrine  has  left  no 

si ■    unturned    to    make    the    installation    the    be  I 

possible,  and  that  fact  has  contributed  more  than 
anything  else  to  the  detection  of  this  phenomenon. 

The  following  is  a  resume  of  the  results  of  the  pre- 
liminary  investigation. 

1.  There  is  something  other  than  the  instrument, 
clock,  personal  equation,  or  difference  between  observ- 
ing in  daylight  and  darkness  that  causes  the  stars  to 
transit   later  in  the  morning  than  in  the  evening. 


2.  This  difference  is  not  the  same  for  all  the  stars; 
hut  individual  stars  give  different  values. 

3.  That  this  difference  is  due  to  parallactic  dis- 
placement would  seem  to  he  ttie  logical  conclusion 
were  it  not  for  the  fact  that  present  notions  exclude 
parallaxes  of  any  such  size. 

4.  That  some  part  of  this  difference  is  due  to  par- 
allax seems  certain. 

5.  It  seems  probable  that  this  phenomenon  has 
been  an  important  factor  in  introducing  the  periodic 
errors  in  practically  all  star  catalogs. 

(i.  That  the  Z-term  in  the  latitude  variation  formu- 
la may  he  caused  by  parallactic  displacement,  as 
pointed  out  by  Chandler  in  A.  J.  530,  is  in  harmony 
with  the  results  of  this  investigation. 

7.  Stromberg's  conclusion  that  for  stars  of  small 
proper-motion  the  parallaxes  are  independent  of 
proper-motion   is  also   in   harmony   with   these   results. 

8.  While  the  evidence  of  this  investigation  points 
strongly  to  parallax  as  the  main  factor  in  producing 
this  phenomenon,  in  view  of  all  the  facts  it  seems  the 
part  of  wisdom  to  await  the  extension  of  data,  partic- 
ularly to  other  regions  of  sky,  now  in  progress  at  this 
observatory,  before  attempting  an  explanation. 

Observalorio  National  Argentino,  Cordoba,  June,  1918. 


THE  VARIABILITY  OF  NOVA  CYGNI  OF  1876 

By  E.  E.  BARNARD 


In   Monthly   Notices,   R.  A.  S.,   Vols.   LXIII,    March 
1902,  and LXXII,  April  L912,  my  observations  showed 

tin-  star  to  he  variable.  There  was,  however,  some 
uncertainty  as  to  whether  this  variability  was  not  in 
the  comparison  star  No.  51  which  had  been  used 
throughout    the    work.     Further   special    observations 


distributed  over  the  past  two  years  verify  the  varia- 
bility of  the  Nova  (which  amounts  to  nearly  a  whole 
magnitude)  and  show  that  the  light  of  star  51  is  con- 
stant. The  observations  are  being  continued  to  see 
if  the  period  is  constant. 

Yerkes  Observatory,  Williams  Bay,  Wisconsin,  December  9,  mis 


NEW  DOUBLE  STARS. 

By  E.   I).   ROE,  Jr. 


The  following  twenty-lour  pairs  of  stars  have  been 
confirmed  as  new  and  their  positions  verified  or  col- 
lected by  Professor  Eric  Doolittle.  I  am  under 
much  obligation  to  him  for  this  as  well  as  for  the  loan 

of     JoNCKHEERE's     <'iil<il<)(jiic     of     A'or      Double     Slurs. 

Eleven  of  the  pairs  were  discovered  with  my  il'-j-in. 
refractor  and  thirteen  with  the  24-in.  refractor  of  the 
Sproul  Observatory.  These  thirteen  were  among 
twenty-five  altogether  found  with  the  24-in.  Sonic  of 
them  I  did  not  even  suspect  of  being  new.  The  work 
on  the  twenty-five  pairs  with  the  24-in.  was  done  on 
nineteen  nights  and  would  not,  I  think,  average  three 
hums  a  night.      Most   of  the  time  had   to  he  spent  in 


measuring  position  angles  and  distances  and  Aa's  and 
A<5's  with  respect  to  neighboring  bright  stars  in  order  to 
identify  all  the  pairs  in  some  star  catalogue  or  deter- 
mine their  positions.  The  weather  failed  to  fulfill  ex- 
pectations warranted  by  weather  graphs  of  several 
previous  years. 

There  was  considerable  cloudy  weather  and  it  was 
scarcely  ever  possible  to  use  any  but  the  lowest  power 
on  the  24-in.  Position  angles  anil  distances  may  not 
In1  very  reliable.  In  the  statements  of  positions  it  is 
not  intended  to  guarantee  Aa  and  A5  to  tenths  of  a 
second  of  time  and  thousandths  of  a  minute  of  arc,  but 
merely  to  record  the  readings  as  observed.     I  believe 
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the  positions  arc  correct  to  the  nearest  second  of  time 
and  minute  of  arc. 

For  the  privilege  of  using  the  24-in.  for  this  work   I 
am  again  under  great  obligation  to  Dr.  J.  A.  Miller, 


p  115,  B.D.    -  I     18' 

0h   10"'  4s,  -4°  39'  (1880) 

0i,   ]2".   7.,  _4°  26'  (1920) 

(9.9,   10.4)  (8-11-17;  6J^-in.) 


Director  of  i  lie  Sproul  Observatory.  I  am  also  under 
obligation  to  Mrs.  Roe  lor  going  over  the  calculations 
for  posit  ions. 

All  the  positions  have  been  verified  with  the  ti'.-ni. 


1917.854 

.857 
.860 


301.7 

.9 


5.62 
.45 

.40 


1917.S57 


301. 


5.49 


p   llti.    B.D.    +  26c   35' 
it11   14'"  37s,      +26°  58'  (1880) 
0h   16'"  42s,      +27°    11'   (192()i 
(9.6,  10.1)    (15-10-17;   6J4-in.) 
28s. S  preceding  and  6'. 39  south  of 
A.G.    <'u tub.    (Eng.)    157    which    was 
used  iii  determining  I  he  position. 
1917. 7S9  263.0  5.09 

.792  262,1  .46 


1917.791 


262.7 


5.2S 


p  117,  01'  34'"  12s,    +12°  46'  (1880) 
0h  36'"  16s,    +12°  59'  (1920) 
33s. 3  preceding  and  5'. 36  south  of 
A.G.  Lei  p.  I.  169. 

(10.8,  11.2)   (9-10-1S;   24-in.) 
1918.773  127.:;  3.00 

P   118,    B.D.      +8°  3215 
16h  32'"  31s,      +  <s°  T   i  I sso 
16h  34'"  27s,     +  S°  2'  (1920) 
15s. 5  following  and   1  '.77  north  of 
A.G.  Lei  p.  II.  7424  which  was  used 
for  determining  the  position. 
(10.2,  10.2)   (15-7-18;   (P2-in.) 
1918.536  34.5  1,50 

.542  .6  6.44 

.548  .5  5.83 


1918.542 


34.5 


6.26 


p  119,   17h  37'"    0s,    +28°  34'  (1880) 

17h  38'"  34s,    +28°  33'  (1920) 

43s. 4  preceding  and  1/.07  south  of 

B.D.   +28°  2808.     Six  nearby  stars. 

(27-6-18;  6^-in.) 


1918.488          321.0 

4.72 

.501             319.4 

.73 

.501             319.9 

L3 

1918.49S             320.1 

1.53 

p  120.    17h  51'"  51s,    +15° 

32'  (  1880) 

17h  53'"  39",    +15° 

32'  i 1920  1 

46s. 3  preceding  and   6'. 

79  north  of 

A.G.  Berlin  A.  652:;. 

i  10.5.  10.7.   (  H-7-18; 

6'  2-im) 

19  is. 525           240.0 

5.17 

.531                 .7 

.31 

.536                  .3 

.40 

1918.531           240.3 

5.29 

p   121,    B.D.      +10° 

3434 

18h   7"1   33  ,       f  10°  51 

'    (ISSOl 

18h  9'"  26s,      +10°  52 

'    ( 1920) 

27s. 3  preceding  and  3'. 

77  nor!  h  of 

A.G.  Leip.  1.  61S7  which 

was  used   in 

determining  the  position. 

(9.6.  10.1,  11)  (17-7-1S 

O'j-in.) 

AB  1918.542           60.7 

1.37 

.5  is             5S.9 

.74 

.594           58.5 

,40 

1918.561            59.  1 

1.50 

AC   1918.542           20.2 

3S.S6 

.548                .0 

.98 

1918.545           20.1 

3S.92 

p  122,    181'    9'"  29s,    +15° 

14'  (1880) 

181'  11'"  18s,    +I5r 

14'  ( 1920 

59s.  1  preceding  and  4'. 

S5  south  of 

A.G.  Berlin  A.  6688. 

(9.5,  9.9)  (26-7-18;   1 

1  j-iii. ) 

1918.567          268.0 

6.39 

.594           267.8 

6.01 

.597           268.8 

5, SO 

1918.586           26S.2 

6.07 

p   123,    B.J).      4-8°  3667 

181'    17'"  7s,      +8°  31' 

1 ISSO. 

18h    19'"  2s,      +8°  32' 

( I920i 

13s. 4  following  and  0'.95  south  of 

.1.'..  Leip.  II. 

s  1  17  w  hie 

i    was    used 

in  determining 

t  lie    position. 

its.  io,  12 

(7-8-18; 

IP, -in. 

.1/;    1918.600 

222.  1 

4.67 

.606 

221.6 

5.3S 

.619 

22  1 . 1 

5.29 

1 '.I  is. cos 

221.7 

5.11 

AC    1918.600 

234.0 

27.00 

.606 

231.5 

.05 

.619 

232.1 

.22 

19  IS. lids 

232.5 

27.09 

p  124,    IS'1  56'" 

10s,    +16° 

20'  i issoi 

IS'1  57'" 

58s,   +16° 

2:1'  .  1920) 

3s. 1    follow  ing  and   6'. 7 

)7   north  of 

.1.'..  Berlin  A. 

7170. 

(9.7,  9.9) 

(6-8-18;   i 

1  .,-ui.) 

1918.597 

232.S 

6.31 

.600 

232.6 

5  M2 

.606 

233.0 

5.12 

I9IS.001 

232.8 

5.88 

p  125.   /; 

.D.     +14c 

3793 

191'    2'"   41   . 

+  14°  3( 

'      :    1  881  1 

I91'    I'"    31, 

+  14°  41 

■   i  1920) 

:'i  .'a  preced 

ng  and  2'. 

23  north  -i 

.1 .G.  Lap.  1.  7 

165  which 

was  used  in 

let  armining  1 1 

i'   postl  loll. 

(6-8- 

IS;    IP., -in 

) 

AB   1918.606 

263.1 

7.10 

.619 

261.2 

.99 

1918.612 

262.2 

7.70 

AC  1918.606 

36.:; 

39  15 

.619 

35.9 

10. IIS 

1918.612 

36.1 

39.77 

p  126,  20h  49- 

17s,    +16° 

i  r  i isso 

20''  51"' 

8s,    +16° 

23'  i 1920) 

Estimated  position. 

(10.4,  10.5 

(31-7-18; 

6', -in.) 

1918.580 

150.0 

6.82 

.606 

1  19. S 

.82 

.619 

150.0 

.49 

1918.602 

149.9 

6.71 
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Measures  scarcely  more  than  esti- 
mates with  the  micrometer. 

P   127,    B.D.      +  13°  4742 
2lh  2')'"  37~,      +13°  10'  (1880) 
21"  31m  32%     +13°  21'  (1920) 
These  positions  wera  obtained  by 
using  the  B.D.  differences. 

B.D.  4741-4742  Aa=+6S.9, 
A5=  -4L.2 
and  -1741  as  A.G.  Leip.  I.  8572. 

But   by  reducing  B.D.  4742  from 
1855  as  given  in  the  B.I).,  we  gel 
21''  29m  36",      +13°  11'   (1880) 
21''  31'"  31s,      +13°  22'   (1920) 
(10.1,  10.4)   (27-9-18;   24-in.) 
1918.770  25.3  0.(12 

.773  .9  .63 


1 01S  772 


25.0 


0.03 


I  had  previously  made  the  follow- 
ing measures  which  I  think  should  be 
thrown  out. 

10  IS. 740  31.0  0.00 

.75  1  32. s  .77 

a  L28,  21"  :i:i"  20s,    +12°  20'  -  lssdi 
21h  35'"  16s,    +12°  31'  (1920) 
56.s6  preceding  and  7'. 4  south  of 
A.G.  Leip.  I.  8620. 

L0.5,  Id. si   (27-9-18;   24-in.) 
10  is.  7  to  268.2  1.11 

.772  205.:;  .20 


10  is. 750 


266.8 


1.20 


p   120.    A.G.   Berlin   1'..  8618 

22''  17"'  41-,     +22    2:;'  I  1880) 

22''  10'"  34  ,      +22°  35'  (1920) 

(0.  10.:;.  10.7)   i  L3-10-18;   24-in.) 

/;   L918.783     2oo.:;    89.42 

.833  .3     S7.72.0' .,-,,,. 


/>'  is  2*. 8  preceding  and  L'.32  south 
of  A  and  has  the  position 

22"  17'"  38s,      +22°  22'   (1880) 
22''  19'"  32%      +22°  34'   (1920) 

BC    1918.783     298.2     5.01 
.786  .8     4.43 

.849  .6  (Oio-in.) 


1918.806     298.5     4.72 
Other     faint    stars    near,    one    at 
238°  53' from  A. 

p  130,   22''  30"'  53%    +10°  53'  (1880) 
22''  32'"  52%,    +11°    5'  (1020) 
■1\4   preceding  and  5'. 83  north  of 
.1.'.'.  Leip.  I.  9027. 

(11,  11.1)    (19-10-18:    24-in.) 
1918.799  293.1  0.64 

.805  202.0  .61 

.808  291.9  .52 


L918.804 


202.0 


0.59 


p  131,  22'-  45'"    0%    +10°  40'  I  1880) 
22h  10'"  50-.    +10°  53'  (1020) 
13s. 6  following  and  7'. 27  south  of 
A.G.  Leip.  I.  0114. 

(10.4,  10.0)   (23-9-18;    24-in.) 

101S.720  253.2  2.09 

.707  250.3  1.89 

.770  250.1  1.94 


L918.755 


251.2 


1.07 


1918.808     200.:;     88.57 


P  132,  22h  57'"  15%   +10°  50'  I  L880) 
22h  50'"  10-.    +11°    3'  (1920) 
5.1    following  and  7'. 509  north  of 
A.G.  Leip.  1.  9193. 

(10,  10.0)    (3-10-18;    24-in.) 
1918.756  57.8  L.78 

p   133,    B.D.      +10°  4S0O 

23h  5'"  20s,      +11°    5'   (I ss( I) 

23''  7"'  21s.      +11°  IS'   (102(0 

(9.6,  10.:'.)   (23-10-18;   24-in.) 

1918.810  324.4  1.S7 


p  134,    B.D.   +16° 

23h  6m  1%     +16°  42'  (1880) 

23"  8m  0%     +16°  54'  (1920) 

(10.2,  10.4)    (14-10-18;   24-in.) 

1918.786  65.4  4.18 

A  faint  star  north. 

p  135,    B.D.   +11°  4988 

23h  15"'  47s,      +11°  12'   (1880) 

23''  17'"  48s,      +11°  25'   (1920) 

(10.1,  11.6)    (10-10-18;    24-in.) 

1918.702  130.3  0.51 

.797  134.0  .64 


1918.795  135.2 

A  faint  star  north. 


0.58 


p  136,  23h  21'"  50%   +9°  38'  (1880) 
23h  23'"  51%    +9°  52'  (1920) 
34s. 0  following  and  0.92'  north  of 
B.D.  +9°  5218. 

(10.4,  10.5)    (3-10-18;    24-in.) 
1918.707  269.1  6.28 

P  137.  23h  21'"  52-,   +9°  45'  (  L880) 
23h  23"'  53-.    +9°  58'  (1920) 
1\S   Following   and   0'.4S   north   of 
p  136. 

(10.3.    10.5)    (3-10-18;  24-in.) 

1918.707  02.1  7.82 

My  interest  in  observing  these  two 

pairs    with    the    24-in.    was    in    their 

both    being    in    the    same    telescope 

lield. 

p  138,  23''  23'"  23",    +10°  2s'  (1880) 
23''  25'"  24-,    +10°  41'  (1920) 
3U  following  and    12'. 87  north  of 
.1.  G.  Leip.  I.  9329. 

(10.5,    10.0)    (7-10-18;  24-in.) 
1918.707     270.0     2.  (estimated) 
.770     275.2     3.64 

Roe  Observatory,  16  November,  1918. 
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A  STUDY  OF  THE   .MOTIONS  IN   2  208,    10  ARIETIS,   AND   IN   1  is.",  I. 

By    ERIC    DOOLITTLE. 


Each  of  these  pairs  has  been  known  for  nearly  a 
century  and  on  each  of  them  a  large  number  of  meas- 
ures has  accumulated,  yet  from  a  mere  inspection  of 
the  observations  it  cannot  be  told  in  either  case  w  hether 
the  mo!  ion  is  orbital  or  whether  we  have  here  a  ease 
merely  of  proper-motion.  The  two  systems  are  verj 
much  alike  in  that  when  first  discovered  the  pairs 
were  quite  wide,  bu1  since  discovery  the  companion 
has  been  moving  almost  in  the  direction  of  the  princi- 
pal star  so  that  each  pair  is  now  a  very  close  one. 
This  makes  the  investigation  of  the  apparent  path  very 
difficult  by  the  usual  methods,  since  a  large  motion 
changes  the  position  angle  but  little.  In  each  case 
the  preliminary  position  of  the  path  was  found  by  a 
least-square  adjustment  based  upon  the  distances 
alone;  tins  was  then  improved  by  using  both  position 
angles  and  distances,  and  the  final  elements  were 
determined  by  using  the  position  angles  only.  In 
each  case  [vv]  was  found  to  have  its  smallest  value  when 
based  on  the  measured  angles  alone,  even  though  the 
motion  is  so  peculiar  as  in  these  two  systems. 


Bl'KMl  \M  says  of  each  of  these  pairs  thai  the  mot  ion 
is  well  represented  upon  the  hypothesis  of  rectilineal' 
motion.  Lewis  states  that  they  are  both  binary, 
reaching  this  conclusion  with  the  first  pair  because 
the  motion  of  the  companion  is  nearly  at  right  angles 
to  the  proper-motion  as  determined  by  meridian  circle 
observations,  and  with  the  second  because  there  is 
increase  of  velocity  along  the  path  since  the  lime  ol 
the  hist  measure.  If  the  pairs  are  binary,  each  orbit 
must  be  turned  nearly  edgewise  toward  us  and  the 
motion  in  angle  during  (he  next  few  years  may  be 
expected  to  become  very  rapid.  Indeed  an  almo  I 
complete  reversal  of  the  direction  of  motion  of  the 
companion  may  be  expected.  Observations  <>l  these 
two  pairs  are  therefore  of  especial  importance  at  lids 
time. 

2  208,    Hi  Arietis.     6.2  8.0 
R.  A.  =   Lh56m50s;         Deck  =  2.')°  21'. 

The  individual  observations  (corrected  for 
cession  to  the  epoch  L880.0)  are  shown  it;  the 
t hree  columns  of  t he  following  table. 


pre- 

first 


1821.39 

23.6 

2.00 

- 

()..". 

0.46 

i  \ti 

1831.79 

25.9 

2.06 

- 

0.1 

-0.4!) 

H  4t, 

1833.05 

25.3 

1.98 

- 

0.7 

-0.17 

Z  4u 

1833.36 

27.9 

2.02 

+ 

1.8 

-0.15 

Dawks 

1838.66 

26.9 

2.2: 

0.0 

+  0.12 

Smyth 

1842.10 

26.9 

1.97 

- 

1.1 

+  0.02 

GlAISHI  IB   '-'(/ 

1842.77 

30.3 

1.60 

+ 

2.1 

-0.33 

Maed.  12k 

1843.69 

30.0 

1.69 

+ 

1.6 

-0.22 

Maed.  4n 

1851.35 

32.9 

1.53 

+ 

1.7 

-0.20 

Maed.  3k 

1851.76 

29.7 

1.60 

- 

0.9 

-0.12 

02  1// 

1853.92 

30.8 

1.81 

- 

0.6 

+  0.18 

Dawes  2v 

1856.21 

31.7 

1.60 

- 

0.6 

0.00 

Maed.  4n 

1856.70 

34.3 

1.65 

+ 

1.9 

+  0.06 

Secchi  4m 

(9) 


Ill 
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Date 

e 

P 

1850.7.' 

34.1 

1.30 

1862.94 

36.1 

1.28 

1863.07 

34.0 

1.43 

1866. mi 

38.1 

1.51 

1868.00 

39.7 

1.34 

1871.45 

39.0 

1.41 

1873.93 

10.1 

1.32 

L874.28 

44.0 

1.32 

1878.05 

46.1 

1.23 

1878.42* 

47.9 

1.13 

1883.14 

50.9 

1.48 

1883.86 

50.4 

1.05 

1888.05 

49.2 

0.93 

1888.19 

54.9 

1.08 

1888.97 

53.9 

1.13 

1889.03 

52.4 

0.88 

1890.32 

61.0 

1.30 

1892.06 

55.0 

0.94 

1895.18 

62.5 

0.92 

1896.95 

61.3 

0.93 

1898.29 

62.7 

0.80 

1898.98 

62.3 

0.60 

1899.23 

62.4 

0.78 

1900.24 

69.1 

0.78 

1901.64 

67.2 

0.65 

1903.98 

73.0 

0.70 

1904.10 

78.9 

0.71 

1904.53 

87.4 

0.55 

1905.56 

77.2 

0.49 

1907.05 

91.1 

0.48 

1907.16 

78.5 

0.58 

L  907.60 

73.7 

0.48 

1908.68 

94.7 

0.40 

1910.08 

101.5 

0.20 

1911.08 

96.0 

0.38 

1911.20 

92.0 

0.40 

1911.49 

98.0 

0.29 

191 2.:'.7 

95.3 

0.5: 

Called  1878  12 

by  Lewis 

+ 

1.6 

+ 

1.0 

+ 

1.1 

+ 

1.6 

+ 

2.1 

- 

0.0 

+ 

1.2 

_ 

2.7 

+ 

2.3 

4- 

3.8 

+ 

2.8 

+ 

2.6 

- 

3.9 

+ 

1.6 

— 

1.0 

- 

2.0 

+ 

5.1 

_ 

2.5 

— 

1.6 

- 

4.1 

— 

5.0 

- 

6.6 

- 

6.9 

- 

2.0 

0.7 

5.4 

0.2 

+  7.6 

4.5 

+  6.0 

-  7.9 

-12.6 

+  1-2 

+  9.4 

-  1.6 

-  2.9 

-  2.6 

AP 

-0.29 
-0.18 
-0.02 
+  0.13 
+  0.01 
+  0.17 
+  0.12 

+  0.13 
+  0.13 

0.00 
+  0.49 
+0.07 
+  0.03 
+  0.18 
+0.23 

0.00 
+  0.45 

+  0.11 
+  0.14 
+  0.17 
+  0.06 
-0.14 
+0.06 
+  0.07 
+  0.04 
+  0.03 
+  0.04 

-0.12 
-0.10 

-a.  ie 
-o.oo 

-0.16 
-0.24 
-0.37 
-0.25 
-0.23 
-0.34 

-.13 


Observer 

A  3// 

Maed.  2m 

A  6« 

Secchi  1)1 

A  3n 

Duner  5n 

Wil.  and  Sea.  3n 

A  37! 

Hall  2// 

SCHIAP.   3/1 

En  gel.  6n 
Perrotin  In 

SCHIAP.   4/1 

H2  6n 
Hall  3// 

SCHIAP.   0/f 
NlESTEN   4/< 

SCHIAP.    12/1 

H2  2n 
Lewis  2// 
Bowyeh  3/1 
Bryant  2// 
Aitken  3n 
Aitken  3n 
Bowyer  4// 

BOYVY'ER  2?) 

Furner  In 

BOWYER  2/f 

Aitken  3// 
Bowyer  l/( 
Furner  In 
Lav  1// 
Bies.  7// 
Bowyer  2« 
Bryant  1// 
Aitken  3// 
Bowyer  2// 

Doberck  3-l« 


From   these   there   air   formed   the   following   eight  normal  places 
Date  e  p 


1  S3  1.7  IN 

is:,:,,  iso 
1804.713 
L875.537 


24.74 
32.98 
35.88 
44.72 


1.98 
1.38 
l.U) 
L.29 


2  In,  iWi.  I);  A3//,  (Wt.  3). 

Ai'w.  (Wt.  2);  A  3//,  (Wt.  1) 

A  3//.  (Wt.  2);  Hall  2//,  (Wt.  1) 
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1888.560 

52.57 

1.04 

1896.597 

64.18 

0.85 

1904.972 

76.82 

0.56 

1909.970 

93.36 

0.40 

Sch.  An,  H  2  6n,  Hall  3n,  Schi.  6n,  (Each  Wt.  1) 

Nies.  4m,  A.  3n,  A.  3m,  (each  Wt.  1,  except  Niest.  dist.,  Wt.  Yi 

[Bow.  4m,  (Wt.  4);   Bow.  2m,  Wt.  2;   Fur.  In,  Wt.  1];   [Bow.  2n,  Bow.  \„,  Fur. 

1m,  Lau.  In];   Ait.  3m.,  (each  Wt.  1) 
Bies.  In,  Aitken  3m;  (Wt.  1  each) 


After  three  successive  adjustments  the  following 
elements  were  found,  the  corresponding  residuals  being 
given  in  Columns  4  and  5  of  the  above  Table. 


189°.27 
0".626 
1913.123 
0".025963 


A  very  slight  inspection  of  Column  5  of  the  above 
Table  renders  it  very  evident  that  there  is  a  decided 


curvature  of  the  path,  and  when  the  velocities  along 
the  path  are  determined  they  show  a  steady  and 
progressive  increase,  the  average  velocity  prior  to 
1875  being  0".0171  and  since  that  time  0".0233,  the 
linear  velocity  in  1911  being  no  less  than  0".032. 

We  may  therefore  conclude  that  the  pair  1'  208  is 
certainly  a  binary. 

2  1834.     7.1    7.2     R.  A.  =  14h  15'"  54s;    Decl.  =  49°  3' 

The  various  observations  (corrected  for  precession) 
are  shown  in  the  following  Table. 


Date 


AB 


AP 


Observer 


1829.73 
1831.09 
1832.66 
1840.54 
1841.53 
1843.23 
1848.86 
1851.51 
1857.57 
1864.49 


113.2 
107.0 
113.7 
111.6 
112.8 
113.7 
111.9 
113.2 
114.7 
100.8 


1.36 

1.16 
1.37 
1.13 
1.21 
1.37 
1.07 
1.00 
0.92 
0.87 


+ 


1.8 
4.5 
2.1 
0.1 
1.0 
1.9 
0.3 
1.0 
2.2 
12.3 


-0.41 
-0.58 
-0.34 
-0.37 
-0.26 
-0.06 
-0.21 
-0.21 
-0.13 
-0.00 


2  2m 
h  An 
2  2m 

Dawes  2m 
02  2m 
Maed.  3m 
Dawes  2m 
02  \n 
Secchi  2m 
Barclay  In 


1866.31 
1866.49 
1871.21 
1871.53 
1874.01 
1874.42 
1879.47 
1881.54 
1883.61 
1885.53 


103.2 
110.8 
115.4 
115.2 
116.0 
113.7 
114.8 
124.5 
117.4 
118.6 


0.86* 

0.87 

0.66 

0.6: 

0.80 

0.6: 

0.46 

0.55 

0.51 

0.42 


-  0.1 

-  2.5 
+  2.4 
+  2.2 


+ 


1.6 
0.8 
1.0 
7.8 
0.2 
0.3 


+  0.04 
+  0.06 
-0.03 
-0.1: 
+  0.18 
0.0: 
-0.01 
+  0.13 
+  0.14 
+  0.09 


A  3n-2w 
Talmage 
Duner  An 
Gledhill  1m 
02  2m 
Wilson  1m 
Hall  3m 
Seabroke  3m 
Engel.  6m 
Hall  3m 


1892.17 
1893.47 
1893.58 
1895.53 
1897.51 
1897.63 
1899.40 
1899.45 
1900.49 
1900.54 


125.2 

145.6 

293.7 

Single. 

166.6 

270: 
200: 
209.3 
206.9 


Round. 


0.26 
0.39 
0.25 


0.20 


0.22 
0.25 


-  4.1 
+  9.3 
-23.0 


-13.5 


+  13: 

-49.0 
-47.3 


+  0.09 
+  0.28 
+  0.14 


+  0.13 
+  0.25 


8  2n 
Lewis  1m 

COMSTOCK  lM 
COMSTOCK  2w 

Lewis  In 
Bryant  1m 
Brown  1m 
Bryant  l  n 
Bryant  1??, 
Bowyer  1m 
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Date 


( >bserv<  r 


L 901. 16 

202.1 

0.23 

-59.5 

+  0.22 

Lewis  1  n 

1901.31 

219.:, 

0.18 

15.2 

+  0.07 

Bryant  3/< 

1902.73 

US. 3 

0.28 

+   6.9 

+  0.14 

Bryant  \  n 

L  903.60 

96.5 

0.12 

+   3.5 

-  0.05 

AlTKEN   l?i 

1904.33 

5: 

+  88: 

Bies.  2-0n 

linn  :;i 

Round 

with  36-inch 

Hussey  In 

1906.43 

182.4 

0.14 

-84.5 

-0.10 

Bryant  In 

1906.61 

No  e 

ongation. 

AlTKKN    1// 

1907.32 

343.4 

0.14 

+  54.6 

-0.12 

Bryant  2n 

19117.11' 

Singl 

■  in  15-inch. 

Bies.  8« 

1908.44 

213.8 

0.32 

-66.2 

+  0.02 

DOBERC'K  2)1 

1908.58 

359. 1 

0.13 

+  79.1 

-0.16 

Bryant  1;? 

1909. (is 

106.8 

0.12 

+   5.5 

-0.19 

Bryant  3u 

1910.28 

98.7 

0.22 

-    2.9 

-0.17 

Bryant  2n 

1911.43 

102.4 

(1.16 

+   0.3 

-0.20 

Bryant  3/< 

1911.49 

61.3 

0.19 

-40.8 

-0.18 

BOWYEB  '2 II 

1911.49 

84.0 

0.17 

-18.1 

-0.20 

Aitken  In 

1912.46 

91.3 

0.16 

-11.3 

-0.23 

Bryant  3n 

\n  estimated  distance  of  1     00  is  here  included  by  Lewie 


In  attempting  to  form  normal  places  from  these,  it 
is  seen  that  the  observations  since  1901  appear  hope- 
lessly inconsistent  and  this  uncertainty  is  increased 
by  the  circumstance  that  the  stars  are  of  so  nearly 
equal  brightness  that  the  quadrant  is  in  all  cases  un- 
certain. Even  if  we  assume  that  the  companion 
passed  around  the  principal  star  about  1900  (as  seems 
probable),  and  that   the  motion  has  become  reversed, 


about  4-10ths  of  the  later  observations  are  wholly 
inconsistent  with  the  others.  As  this  investigation  is 
only  to  ascertain  whether  it  is  possible  to  represent 
the  motion  by  a  straight  line,  however,  it  is  here 
assumed  that  the  companion  has  remained  in  the  third 
and  fourth  quadrants,  and  the  following  places,  reason- 
ably consistent  with  the  hypothesis,  are  made  tin- 
basis  of  the  computation. 


Date 


1831.195 

113.45 

1.36 

1844.365 

112.30 

1.12 

L  866.310 

113.22 

0.86 

1874.897 

115.40 

0.64 

1  ssi.. ",70 

1  IS. 03 

0.40 

1892.170 

125.17 

0.26 

1903.01)0 

27r,.15 

0.12 

1911.068 

270.0:: 

0.19 

1'  4/i 

(Da.  Sii,  Wt.  3:   Da.  2n,  Wt.  2)  Wt.  1;  (02  2u,  Wt.  2:  02  1//,  Wt.  1)  Wt. 

A  3  2n 

Da.  in,  Wt.  1;  02  2/;,  Wt.  1:  Hall  3//.  Wt.  1 

Eng.  6n,  Wt.  1;  Hall  3//,  Wt,  1 

,i  2n 

Aitken  \h 

Bky.  :!,/:   Bin.  2//:    Buy.  3n;   A.  2;/:   Buy.  3;/:   Wt.  1  each 


The     third     least-square     adjustment      leads      lo      the 

following  elements,  the  corresponding  residuals  being 
given  in  Columns  1  and  5  of  the  above  table.  An 
inspection  of  the  fifth  column  renders  ii  evident  that, 
;i-  in  ilc  preceding  r:\<c,  the  motion  is  orbital:  the 
velocity  in  the  path  has  also  more  than  doubled  since 
i  he  time  of  the  first  measure. 


a  =  289C.S7 
p  =  0".049 
T  =  1897.471 
M  =  0".02631 

Although  it  seems  certain  that  each  of  these  pairs  is 
thus  a  true  binary  system,  a    very  brief  ephemeris  of 
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each    is    computed    on    bhe    hypothesis 

of    rectilinear 

V 

motion.     Observations  of  these  pairs  are 

now  of  special 

e 

importance.     It   is  to  be  expected   that 

tli,'   positions 

1918.0 

1  L0°.70 

obtained  will  be  very  different   from  ih 

»se  of  i  lie  fol- 

1920.0 

115  .19 

lowing  table. 

1922.0 

1  1!)  .  IS 

The  Flower  Obt 


alory,  Jvnt  12,  mis. 
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:  208 

2  1834 

p 

P 

:r.i;  I 

284  .69     <>"..->  1 

0  .65 

285  .53     0  .65 

0  .67 

286  .11     0   .7.") 

OBSERVATIONS   OF   WOLF'S   ASTEROID,    1918   DB, 

MADE    WITH    THE    40-INCH    REFRACTOR    OP    THE    VKIIKES    OBSERVATORY, 

By  (J.  VAX   BIKSBKOKCK. 


Date 

Gr.  M.T. 

Ja 

AS 

No.  of 
Comp. 

App.  a 

App.  <5 

log  pJ 

* 

1918 

Fcl).     12 

Il           Ml             S 

19  37   19 

-l"    5.74 

+  9   11.4 

12,6 

h        in         a 

7  21     9.45 

4-36     5  59.8 

9.657 

0.441 

1 

16 

19  58  51 

-3  58.65 

-2  51.7 

6,6 

34   11.77 

36  38.5 

9.684 

.486 

2 

17 

14     4   13 

-1   33.12 

+ 1     9.6 

20,  li 

36  37.30 

10  39.9 

9.348?) 

.086 

3 

19 

19  34   IS 

+  0  29.86 

-1   41.7 

6  . 6 

13  35.63 

1!)     6.9 

9.664 

.433 

4 

20 

17     7   16 

+  3   17.67 

+  0  32.5 

16,6 

Hi  23.43 

51   21.0 

9.306 

.052 

5 

23 

19    14     4 

-3  53.51 

-3     3.8 

12,4 

7  55  46.56 

53  38.7 

9.643 

.392 

6 

Mar. 

2 

18  25  25 

-0  13.92 

-.0  25.8 

6,6 

8   15  51.13 

36  Ml    13.3 

9.574 

.296 

7 

16 

18  46  34 

+  0   19.54 

+  3   15.1 

6,6 

8  51   55.25 

34  40    15.2 

9.630 

.433 

8 

17 

13  33  27 

+  2   12.48 

-5   10.5 

6  ,  (i 

8  53  48.18 

34  31    49.7 

it. 327// 

.180 

9 

26 

19  16  30 

+  0   14.76 

-2  21.7 

ii ,  (i 

9   14  51.09 

32  41      5.1 

9.671 

.550 

10 

27 

17  24     8 

+  0     1.43 

-7  32.2 

6  ,  C 

16  52.25 

32  29   10.6 

9.500 

.352 

1  1 

Apr. 

7 

16   14  48 

-0  57.39 

+  1    24.4 

12,6 

39  30.67 

29  58  47.3 

9.338 

.345 

12 

9 

19     3     6 

-0  35.86 

-3  24.8 

20  ,  (i 

43  52.20 

29  28  22.7 

9.666 

.603 

13 

10 

16  41      0 

+  0     7.82 

-  1      4.5 

6 ,  6 

45  38.51 

29   15   18.5 

9.442 

.404 

14 

13 

18  41   23 

+  0   13.17 

+  0  56.4 

ii .  ii 

9  51   38.42 

28  30   17.4 

9.651 

.593 

15 

May 

7 

17  57   16 

+  0   19.20 

-5  56.5 

1  .  1 

10  35   15.55 

+  22  31    18.7 

9.635 

.651 

16 

Comparison  Sims. 


* 

a  1918.0 

5  1918.0 

Red.  to 

APP.  PI. 

Authority 

1 

7  22   11.88 

35  56  51.3 

+3.31 

-    2.S 

Lu.  3848 

2 

7  38     7.07 

36  39  33.9 

+  3.35 

-   3.7 

Lu.  3960 

3 

7  38     7.07 

36  39  33.9 

+3.35 

-   3.6 

Lu.  3960 

4 

7  43     2.42 

36  50  52.1 

+  3.35 

-    3.7 

Lu.  3985 

5 

7  43     2.42 

36  50  52.1 

+  3.34 

-    3.6 

Lu.  3985 

li 

7  59  36.70 

36  ."/ii  47.2 

+  3.37 

-    4.7 

Lu.  4090 

7 

8   16      1.72 

36  34  44.4 

+  3.33 

-   5.3 

Lu.  4204 

8 

8  51  32.50 

34  37     7.0 

+  3.21 

-   6.9 

Ku.  Mills 

9 

8  51  32.50 

34  37     7.0 

+  3.20 

-   0.8 

Kii.  3948 

10 

9  14  33.23 

32  43  34.7 

+  3.10 

-   7.9 

Pots.  ph.  IV,  p.  253,  No.  132;  VI,  p.  94,  No 

72. 

11 

9   16  42.96 

32  30  50.8 

+  3.09 

-   8.0 

Pots.  ph.  IV,  p.  255,  No.  28;  VI,  p.  94,  No. 

107. 

12 

9  40  34.11 

29  57  31.9 

+  2.95 

-   9.0 

Kii.  431  1. 

13 

9  44  25.13 

29  31  56.6 

+2.93 

-   9.1 

Oxf.  ph.  30°  23860;  2'.)°  28036. 

14 

9  45  27.78 

29  16  32.1 

+  2.91 

-   9.1 

Oxf.  ph.  30°  23840;  29°  28007;  29    28349. 

15 

9  51   22.37 

28  29  30.4 

+  2.88 

-   9.4 

Oxf.  ph.  29°  28230;  28°  29907. 

16 

10  34  56.35 

22  37  26.0 

+  2.64 

-10.8 

B.D.  22°  2252  (5  obs.  Abbadia). 
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Remarks. 
March    2.     Estimated  13M.5 

March  26.     Very  difficult  on  account  of  moonlight. 

May        7.     Estimated    15M.5.      Very    difficult.      Hazy   sky.     Cloudy    weather   and   moonlight    brought    the 
series  to  an  end  before  the  object  had  reached  the  limit  of  the  instrument.      The  position  of 
Star  4,  as  given  by  me  in  Harv.  Bull.  654  requires  a  correction  of  9". 6  in  declination  (See  Bull. 
Lick  Observatory,  No.  309). 
Yerkes  Observatory,  July  10,  1918. 


THE  MOTION  OF  WOLF'S  COMET  IN  1918  AND  1919, 

By  M.  KAMENSKY. 


For  the  investigation  of  the  motion  of  Wolf's 
Comet  in  1918,  it  was  necessary  to  make  further  calcu- 
lations of  the  perturbations  of  the  elements  of  its 
orbit.  This  work  was  made  by  me  according  to  the 
formulas  and  methods  put  down  already  in  my  "Re- 
cherches    sur    le    mouvement    de    la    Comete    Wolf." 

Mars 

+  0.07 
+  0.24 
-0.02 
-  0.35 
-0.02 
-0.00238 

Adding  these  perturbations  to  the  system  A''.,.  I  get  the 
following  system  A''I0,  from  which  the  Ephemeris  for 
1919  has  been  calculated. 

Decembeb   16.0,   1918,  B.  M.  T. 


rturb. 

Earth  +  Moon 

bM 

+  0.50 

bip 

+  3.75 

sQ, 

-0.33 

bw 

-2.54 

bi 

-0.22 

bit 

-0.03529 

K'n 


M  =      0° 

22' 

2".50 

ip  =    33 

57 

56.58 

Q,  =  206 

34 

16.20 

TT     =         19 

30 

29.61 

i  =     25 

17 

33.22 

Q  =  206 

41 

53.36 

T  =     19 

38 

1.44 

i  =     25 

17 

29.65 

1910.0 


1919.0 


"faking  as  basis  the  calculations  the  system  of  elements 
A''9,  published  by  me  in  A.J.  738,  I  calculated  the 
exact  values  of  the  perturbations  in  the  motion  of  the 
Comet  during  the  period  Jan.  10,  1918  to  Dec.  16, 
1918;  the  perturbations  of  second  order  for  the  said 
period  being  equal  to  zero. 

Jupiter 


-21.88 
-37.69 
-26.53 
+  64.19 
-  1.23 
+   0.32482 


Saturn 

+  0.14 
-1.57 
-2.26 
-3.61 
-0.05 
+  0.001S5 


St/f/t 

-21.17 
-35.27 
-29.14 
+  57.69 
-1.52 
+  0.28900 


^ 


1919   Jan.      5     23  53 


n  =     522". 7 1793 

The  equatorial  rectangular  heliocentric  coordinates 
for  the  mean  equinox  1919.0  are  calculated  by  the 
formulas: 

x  =  r  [9.991848]  sin  (107°  23'  12".9  + /) 
y  =  r  [9.999981]  sin  (  17  16  43  .6  + /) 
z  =  r  [9.283732]  sin  (104    27    18   .5  + /) 

As  will  be  seen  from  the  Ephemeris,  the  position 
of  the  ( 'oniet  is  getting  more  unfavorable  to  observe 
every  day,  as  it  is  getting  nearer  to  the  Sun.  This  is 
very  evident  from  the  following  table: 


Feb. 

Feb. 
Alar. 
Mar. 
Apr. 
Apr. 
May 
May 
June 
June 


21 
6 
22 
10 
26 
11 
27 
13 
29 
14 
30 


0  38 

1  21 

2  3 

2  45 

3  24 

4  3 

4  40 

5  16 

5  51 

6  24 
6   55 


19  1 

20  10 

21  16 

22  19 

23  19 

0  18 

1  16 

2  15 

3  17 


6  33 


0^ 

-3.9 
-3.0 
-1.5 

+  0.3 
+  2.0 
+  3.6 
+  4.9 
+  5.8 
+  6.3 
+  6.3 
+  5.8 
+  5.0 


-22.7 
-20.1 
-15.8 
-10.5 
-  4.7 
+  1.9 
+  8.0 
+  13.6 
+  18.2 
+  21.5 
+  23.2 
+  23.2 


The  table  shows,  that  in  the  beginning  of  July,  the 
Comet  will  be  lost  in  the  Sun's  rays,  and  after  this  an 
Ephemeris  would  be  useless,  as  the  distance  of  the 
Cornel  from  the  Earth  and  the  Sun  will  be  so  great 
that  it  will  certainly  be  impossible  to  see  it. 

Concerning  the  calculations  of  the  future  brightness 
of  the  Comet,  we  must  notice  that  it  presents,  as 
always,  some  difficulties.  According  to  the  observa- 
tions of  Prof.  E.  E.  Barnard  at  the  Yerkes  Observa- 
tory, the  Comet  is  fainter  than  was  to  be  expected, 
<  >n  Sept.  26  Prof.  Barnard  found  its  brightness  13m. 
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while,  referring  to  the  observations  of  the  Cornel 
1899 — 1912,  its  brightness  would  be  at  this  time 
about  10m.5.  But  this  circumstance  is  not  yet  suffi- 
cient  to  decide  on  the  diminution  of  the  brightness  of 
the  Comet,  as  we  must  notice,  that  when  it  approaches 
perihelion,  its  brightness  grows  more  rapidly  than  it 
would  lie  expected  from  the  formula 

m  =  m0  +  5(log  rA  -  log  r„  X,) 
It  was  so  in  1911  —  1912,  and  it  will  probably  be  the 
same  again. 

Moreover,  in  the  comet  itself  there  are  probably 
some  physical  phenomena  going  on,  owing  to  which 
its  brightness  may  suddenly  grow.  Such  a  case 
happened  the  20-21  March  1892,  and  also  in  January 
1912.  However,  the  general  appearance  of  the  Comet 
changes  probably  little:  namely,  as  on  its  last  appear- 
ings,  and  now,  it  always  had  a  small  starlike  center. 

Leaving  aside  any  reasoning  about  the  variation  of 
the  brightness  and  form  of  the  Comet  until  the  special 
article,  I  permit  myself  here  only  to  mention,  that  in 
the  first  half  of  1919,  the  Comet  will  have  a  general 
brightness  approximately  of  12m —  13"\ 

( 'oncerning  the  closeness  of  the  representation  of 
the  observed  places  of  the  Comet  in  1918  by  the  system 
K'g,  it  is  a  little  less  accurate  than  is  desired.  Taking 
into  consideration  the  perturbations  during  'the  period 


Jan.  10,  1918  to  Sept.  27,  L918,  I  obtained  the  following 
deviation  of  the  theory  from  the  observation,  made  by 
Prof.  Barnard  Sept.  25,  1918: 

1918  Sept.  26.73     (O  —  (')*.,    c»s  5  =     -    6B.30 
Sept.  26.73     (()  —  <')",  -31".7 

The  cause  of  these  considerable  residuals  is  due  to 
certain  imperfections  of  the  connection  of  the  systems 
A'',  as  the  perturbations  for  the  period  1891  July  10  — 
1898  August  22,  having  been  borrowed  by  me  from 
the  calculations  of  A.  Thraen,  .'ire  seemingly  not 
quite  exact  and  should  be  calculated  again.  On  the 
other  hand,  the  perturbations  caused  by  Venus  were 
not  taken  into  consideration.  These  causes,  in  con- 
nection with  the  considerable  values  of  the  differential 
coefficients  for  1918  Sept.  26.73: 

da 
COS  e)  TiT       =    —5.616 

dd 


dM 


=   -2.63(1 


are  sufficient  to  explain  the  residuals  above  mentioned. 
In  concluding  this  account  I  beg  to  thank  sincerely 
Prof.  Barnard  for  sending  me  his  observations  of  the 
Comet  and  for  his  kind  attention  to  me.  1  am  also 
very  grateful  to  the  editor  of  the  Astronomical  Journal 
for  having  printed  my  articles. 
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THE  VERTEX  OF  STELLAR  MOTIONS, 

Bi    Lewis  B<>s-,! 
Prepared  for  publication  by  H.  Raymond. 


Immediately  after  the  completion  of  his  third  paper 
on  "Precession  and  Solar  Motion"  {A.  J.,  ti'io-d), 
Professor  Lewis  Boss,  in  April,  1911,  took  up  the 
study  of  the  preferential  motion.  The  research  was 
practically  completed,  but  was  never  published;  the 
bare  result  was  given  in  his  report  for  the  year  1911 
{C.I.  W.,  Yearbook,  10,  158-9).  It  has  seemed  worth 
while,  therefore,  even  at  this  late  day,  to  present  the 
details,  partly  because  of  its  place  in  the  history  of 
the  subject,  but  especially  as  an  example  of  a  verj 
approximate  solution  of  a  complicated  problem  by  a 
comparatively  easy,  partly  graphical  method. 

The  process  was  based  upon  charts  of  the  proper- 
motions  of  the  Preliminary  General  Catalogue.  Kadi 
of  these  charts  contains  plotted  points  representing 
the  proper-motions  of  the  stars  within  a  certain  trape- 
zium of  the  sky,  referred  in  general  to  the  direction  of 
solar  motion  as  initial  line,  and  on  a  scale  of  3"  per 
century  to  the  inch.  It  is  evident  that  composites 
can  be  made  by  simply  copying  two  or  more  upon  a 
single  sheet  with  one  origin  and  proper  orientation. 
A  number  of  such  composites  are  figured  in  A.  J., 
620  and  635-6. 

'Idle  true  vertex  as  found  by  Eddington  (M.N., 
71,  4)  was  adopted  as  a  first  approximation  The 
charts  were  laid  one  by  one  upon  a  large  paper  pro- 
tractor in  such  a  manner  that  the  parallactic  center 
(0  =  180°,  p  =  M  sin  A)  and  the  direction  of  the 
north  galactic  pole,  —  previously  marked  upon  the 
charts.  —  coincided  respectively  with  the  center  and 
zero  of  the  protractor.  Professor  Boss  then  esti- 
mated the  direction  of  elongation  of  the  mass  of 
plotted  points,  and  read  off  its  angle.     Only  charts  of 

*At  my  request  Mr.  H.  Raymond  has  prepared  this  paper  for 
publication.  It  is  very  fitting  that  he  should  do  so  in  view  of  the 
statement  of  Pbop.  Lewis  Boss —  "  In  working  out  these  results, 
my  assistants,  II.  Raymond  anil  Benjamin  Boss,  have  taken  a  part 
that  justifies  their  admission,  in  some  measure,  as  joint  authors." 

Benjamin  Boss. 


areas  between  4.")°  and  V.i!j°  from  Eddingto.x's  vertex 
were  read. 

The  plotted  velocity-points  presented  to  t|,r  eye  ;it 
least  two  classes  —  a.  loose  but  fairly  definite  cluster, 
more  or  less  elongated,  and  some  scattered  outlying 
points  or  clumps  of  points.  The  latter  class,  rep- 
resenting the  larger  motions,  showed  generally  the 
same  tendency  to  elongation,  hut  with  greater  un- 
certainty, being  too  few  to  form  a  continuous  field. 
They  were  taken  hut  slightly  into  account,  the  de- 
cision resting  upon  the  oval  cluster.  In  the  charts 
having  most  points,  this  frequently  had  an  inner 
nucleus  containing  a  large  fraction  of  the  points  in  a 
small  fraction  of  the  area.  The  sharpness  of  the  con- 
trast resulted  in  part  from  the  finite  size  of  the  plotted 
points,  which  caused  them  to  encroach  upon  each 
other  here,  and  the  area  of  white  paper  to  he  dispro- 
portionately diminished.  The  nucleus  showed  in  gen- 
eral the  same  characters  as  the  cluster;  where  the  two 
^ave  different  position  angles  a  compromise  was  made, 
taking  into  account   the  relative  numbers. 

Ths  resulting  material  was  solved  for  a  new  position 
of  the  Vertex  by  Argelander's.  method.  If,  L,  B, 
are  the  galactic  coordinates  of  the  assumed  Vertex; 
AL,  AB  their  corrections;  /,  6,  those  of  the  given  area; 
X  its  distance  from  the  Vertex;  and  Aip  the  observed 
position  angle  minus  that  computed  for  the  assumed 
Vertex;  we  have  for  the  form  of  the  conditional 
equation 

(sin  B  cos  x  —  sin  6)  AL  —  cos  h  sin  {L  —  I)  All 
—  sin2  x  A4>  =  0 
or.  sim-  L  =  166°  38',  B  =  0 

sin  b  AL  +  sin  (166°.B  -  I)  cos  bAB 
+  sirr  x  A<t>  =  0. 

This    differs    from    the    usual    form    of    Argelander's 
equation    in    containing    an    additional    factor    sin    x- 

(17) 
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In  other  words.  Argelandeh  gave  ±4>  the  weight 
sin-  \,  Boss  assigned  sin1  \.  This  is  because  the 
determination  of  A<£  as  <p  departs  from  90c  falls  off 
so  much  more  rapidly  in  this  problem  than  in  thai  of 
Solar  Motion. 

There  were  7  1  areas  included  in  the  program;  but 
101-104  and  105  108,  aboul  the  Galactic  Poles,  were 
inty  that  they  were  each  combined  in  one.  while 
:', !  and  43  were  rejected  because  they  contain  the 
Apex  and  Antapex.  A  solution  of  the  66  equations 
by  least  squares  gave 


M.         +4°. 11 

M:  = 


it  .99 
0°.93 


w  hence  the  position  of  the  Vertex  is  '  170". 74.  -2°. 51  i, 
or  in  equatorial  coordinates  (6h  I5m.2,  +7°.0). 

There  is  an  excess  of  negative  residuals  amounting 
to  2°.6  in   the  mean.      Removing  it    does   not    c 
the  probable  errors  sensibly,  the  increase  in  the  num- 
ber   of    quantities    to    be    determined    offsetting    the 
decrease   in   the  sum  of  pvv.     There  seems   to   be   no 
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83 
L03 

1 23 

1 17 
97 

77 
59 
17 
65 
si 
103 
121 
I  15 
96 


59 
65 

si 
L03 
121 
133 


/  < 

99 

281 

266 

250 

204 

91 

100 

88 
102 
245 

240 
200 
270 


A4> 

-  1 3° 
+  9 
+  11 

-  4 
-11 

-  6 
+  1 
+  10 


-    1 


1  1 
8 


83 


ss 
84 
283 
252 
280 
259 
1  12 
95 
107 


+  3 
+  7 
+  3 
-20 
+  15 
+  2 
+  2 
—  5 
15 


-10° 
+  6 
+  14 
_  2 

-  8 

-  3 
_  2 
+  8 

-  8 
_  2 
+  1 

-  7 

-  4 

-  1 

-  3 

-  4 

-  6 

-  1 
+  2 
+  4 
-11 
+  16 

3 

-  4 
-10 
+  11 


56 
59 
60 
01 
62 
63 
66 
67 
68 

69 

70 
7:i 
74 
75 
76 
77 
80 
si 
82 

83 

S4 
85 
86 

87 
ss 
89 
oo 
91 

92 
93 
94 
95 
96 
07 
98 
99 
100 


I 

103 

120 
200 
23 1 
257 
283 
309 
26 
51 


103 
129 
206 
23 1 

257 
283 
309 

2G 
51 
77 

90 
L30 

171) 
210 
250 
200 
330 
10 
50 

90 
130 

170 
210 
250 
200 
330 

10 

50 


101 
105 


b 

+  40 
40 
40 
40 
40 
40 
40 
40 
40 

+  40 

-  It) 
III 
40 
10 
40 
40 
40 
40 
40 

-40 

+60 
tit) 
60 
60 
60 
60 
60 
60 

+  00 

-00 
60 
60 
60 
60 
60 
60 
60 

-00 

+  90 
90 


70 
53 

54 

71 
90 

I  10 
127 
i:;s 

100 
90 

70 
53 
42 
71 
90 
1  Hi 
127 
126 
109 
90 

83 
66 
60 
69 
87 
106 
119 
117 
103 

83 
66 
60 
69 

87 
106 

I  1!" 

117 
103 

90 
90 


.;•  Obs. 

104 

in 

223 

2  is 

207 

201 

293 
35 
75 
SO 


.1.) 
312 
275 
273 
244 
240 
124 
114 

01 

03 
146 
1 53 
216 
250 
205 
328 

21 


50 


87 


309 

265 
243 
180 
140 
124 

283 

74 


-  16 
-17 

+    2 

-  4 

+  7 
+  4 
+  4 
-12 
+    3 

-  s 
+  9 

-  4 
+  7 
+   4 


-31 

-  11 
-14 

-  5 
-13 

-  6 

-  8 

+  11 
52 

+  11 

-  4 
-11 

+  3 
-19 
-13 
+  11 

r     I 

-  4 


-  3 
-13 

-  3 
0 

+  2 
+  11 
-10 
-15 
+   3 

-  3 

+  2 
_    2 

+   2 

-  13 
+   2 

-  9 
+  7 
-10 
+   2 

0 


+  10 
-26 
-   6 


+  4 
+  6 
+   6 


-13 
0 

-23 

-IS 
+  6 

+   5 


obvious  explanation  of  this  excess,  which  is  greater  in 
northern  latitudes.  It  is  (dear,  however,  that  the 
discordances  inherent  in  the  charts,  due  to  local 
streaming  or  other  causes,  are  far  more  potent  to 
produce  large  residuals  than  the  errors  of  reading. 

Professoh  Boss  had  already  estimated  the  ratio  of 
axes  iii  the  velocity-figure  at  7  :  I  (.1.  ./..  023-4.  p.  L92). 
lie   now   proceeded    to  a    revision   of  this   estimate.      As 
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it  was  plain  that  charts  of  single  areas  would  not 
suffice,  composites  were  formed,  in  general  of  four,  of 
equal  galactic  latitudes  (plus  or  minus),  and  sin  \. 
The  exact  combinations  may  be  <rf\t  in  Table  II. 
The  parallactic  center  and  direction  of  vertex  on  all 
four  were  made  to  agree,  bul  a  chart  was  copied  direct 
or  inverted  (i.  <■..  through  the  paper)  according  as 
tan  b  tan  (L  —  /)  agrees  or  disagrees  in  sign  with  the 
lowest   numbered  area  of  the  four.     Professor   Boss 


by  eye  laid  out  upon  these  charts  ovals  of  essentially 
equal  density,  and  measured  their  length  ii  and 
breadth  b.  The  size  of  these  "axes"  depends  upon 
the  number  and  distance  of  the  Stars  concerned,  but 
their  ratio  is  a  function  only  of  the  form  and  orienta- 
tion of  tin  velocity-ellipsoid.  These  measures,  the 
ratio    a   b,  and  sin  \  arc  exhibited  in  Table  II. 

Grouping    23    of    the    26    composites    according    to 
sin  \.  and  taking  means  of  a,  b,  and  \,  he  had 


(  Iroup 


1  - 

9  — 

Ki- 

IS 

2 

8  — 

ll  - 

17 

3  — 

7  — 

12  — 

ID 

4  — 

6  — 

13  — 

15 

5  — 

14 

19  —  28—37--    Hi 

20  —  29  —  38  —  47 

21  —  30  —  39  —  48 

22  —  31—40—  49 

23  —  32  —  41  —  50 

24  —  33  —  42—  51 

25  —  34  —  43  —  52 

26  —  35  —  44  —  53 

27  —  36  —  45  —  .",1 

55  —  62  —  69  —  76 

56  —  63  —  70  —  77 

57  — 64—  71  —  78 

58  —  65  —  72—  79 

59  —  66  —  73—  80 

60  —  67  —  74  —  8 1 

61  —  68  —  75—82 

83  —  87  —  92  —  96 

84  —  86—93—9,-) 

85  —  89  —  90  —  94  —  98 
88  —  91  —  97—  100 


99 


TABLE    1 

1 

b 

25.5 

1  1.5 

21.5 

L3.0 

25.0 

L2.5 

23.5 

14.0 

15.0 

13.0 

24.5 

14.5 

23.0 

15.5 

24.0 

13.0 

19.0 

15.0 

in  5 

15.0 

20.0 

14.0 

23.0 

15.5 

24.5 

i  l.:. 

22.0 

15.0 

27.0 

L5.5 

27.0 

17.0 

23.0 

Ili.O 

23.5 

20.0 

25.0 

18.0 

23.0 

15.0 

24.0 

15.5 

29.0 

14.5 

24.0 

16.5 

26.0 

16.5 

25.5 

18.5 

a/b 

2.22 
L.65 
2.00 

I.  cs 
1.15 

1.69 

I.  is 
1.85 
1.27 
1.30 
1.43 
I.  is 
I. (ill 
1.47 

1.74 
1.59 
1.44 
I.  is 
1.39 
L.53 
L.55 

2.00 
1.45 

I..-.S 
1.38 


sill    / 

.985 
.866 
.643 
.345 
.046 

.998 
.888 
.703 
.-177 
.342 
.462 
.686 
.877 
.983 

.958 
.823 

.074 
.667 

.779 
.927 
.999 

.996 
.924 
.877 
.968 


101  to  108 


lli.O 


1.59 


.992 


( in  mp  No.  Areas  sili  / 

1  9  .927  -  .999 

II  7  .779  -  .924 

III  7  .402  -  .703 


He  concluded  thai  the  preliminary  ratio,  7/4,  was 
very  nearly  correct.  He  also  grouped  the  same 
material  according  to  galactic  latitudes.  Taking  the 
means  of  a/b  and  sin  x-  this  gives 


a/b 

l/B 

<  lalactic  Lat. 

Areas 

a/b 

A/B 

l.tii; 

1.68 

0°  —  10° 

:; 

1.96 

2.26 

1.54 

1.68 

10    —30 

8 ; 

1.54 

1.85 

1.49 

2.00 

30   —50 

7 

1.49 

1.66 

50    —  90 

5 

1.60 

1.65 

The  progression  with  galactic  latitude  indicates  that 
the  axis  perpendicular  to  the  galactic  plane  is  the 
smallest. 
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A/B  is  derived  from  a/b  through  Schwarzschild's 
equation 


sin   x 


Va*/h°-  -  1 


\/a2/b2-  1 


It  seemed  worth  while  to  make  a  least  square  solution 
on  the  basis  of  this  equation.  Taking  the  first  radical 
as  the  unknown  and  the  second  as  the  quantity  given 
by  measurement,  all  the  data  of  Table  II  gives  tin 
values  of  .1  B  following  in  column  I.  Squaring  the 
equation,  so  as  to  give  less  weigh!  to  the  areas  near 
the  vertex  and  antivertex,  we  have  the  values  of 
1     /;  given  in  column  II. 


Lat.                Areas 

I 

II 

0°—  10°            5 

2.31 

2.21 

10—30            9 

1.80 

1.74 

30    —50             7 

1.65 

1.66 

50   —90             5 

1.64 

1.(17 

0—30           14 

1 .96 

1.90 

30   —90           12 

1.65 

L.66 

0   —90           26 

1.777 

* 

049 

1.765  ±.045 

This  seems  to  indicat 

•   three 

un 

•qual 

axes  in  about  the 

ratio 

.1   :  B  :C 


2.2  :  1.3  :  1 


POSITIONS  OF  COMPARISON  STARS  FOR  THE  COMET  1913/. 

OBSERVED     WITH     THE     LA     FLATA     MERIDIAN     CIRCLE, 
By   P.  T.  DELAVAN 


The  following  is  a  complete  list  of  the  southern  com- 
parison stars  for  the  comet  1913/  which  have  recently 
been  observed  with  the  large  Gautier  Meridian  Circle. 
Except  in  a  few  cases  each  star  has  been  observed 
twice  and  in  opposite  positions  of  the  instrument.     The 


positions,  which  are  reduced  to  the  system  of  the  Ber- 
liner Jahrbuch,  have  been  corrected  for  the  effect  of 
magnitude  equation.  The  mean  probable  errors  of  a 
single  observation  are    ±0S.025  sec  5  and   ±0".36. 


X... 

Mai:. 

R.  A.  L914.0 

Prec. 

D 

'C.   1 

,)14.() 

Prec. 

Epoch 

Designal  ton 

1 

7.s 

2  34  5S.0S 

+  3.037 

_    2 

2(3 

36.5 

+  15.63 

10.9 

A.G.  Stras. 

017 

2 

3.9 

2  35      I.MS 

3.073 

0 

2 

MILS 

15.03 

10.9 

-  5  Cell 

3 

8.3 

2  36   19.32 

3.039 

2 

17 

37.0 

15.50 

10.9 

A.G.  Stras. 

651 

4 

5.9 

2  36  49.40 

3.057 

1 

3 

39.1 

15.53 

10.9 

Boss  P.G.C. 

012 

5 

s.s 

2  36  54.01 

3.049 

1 

36 

42.1 

15.53 

10.9 

A.G.  Sims. 

053 

6 

7.8 

2  36  57.10 

+  3.000 

-    0 

27 

10.9 

+  15.53 

10.9 

A.G.  Nic. 

55  i 

7 

0.3 

2  37  28.42 

3.020 

3 

34 

50.9 

15.50 

10.9 

A.G.  Stras. 

655 

s 

9.0 

2  37  42.37 

:;.(  i.v.i 

0 

58 

27.0 

15.4S 

17.9 

A.G.  Nic. 

555 

«.) 

9.0 

2  37   50.72 

3.033 

2 

43 

9.2 

15.47 

10.9 

A.G.  Sims. 

656 

10 

9.1 

2   38   21.90 

3.067 

0 

23 

20.  s 

15.45 

10. '.I 

B.D.  -0° 

413 

1 1 

!).() 

2  38  54.09 

+  3.051 

-    1 

30 

L.3 

+  15.42 

10.9 

.1.';.  Nic. 

559 

12 

S.5 

2  38  57.12 

3.055 

1 

13 

24.9 

15.4  1 

10.9 

A.G.  Mr. 

50(1 

13 

(i.7 

2  39      7.90 

3.030 

2 

53 

48.1 

15.40 

16.9 

A.G.  Sims.  . 

001 

14 

8.6 

2  39    13.49 

3.002 

0 

42 

32.3 

15.40 

17.0 

A.G.  Nic. 

502 

15 

S.I 

2  40     H.2I 

3.052 

1 

24 

40.0 

15.:  15 

10.9 

A.G.  Nic. 

566 

L6 

8.3 

2  40    18.30 

+3.038 

_    2 

19 

31.7 

+  15.34 

10.9 

A.G.  Sims. 

00  1 

17 

9.1 

2    III    19.71 

3.055 

1 

12 

34.7 

15.34 

10.9 

A. a.  Nic. 

507 

is 

S.S 

2   10  36.68 

3.065 

0 

33 

17.3 

15.32 

10.9 

A.<;.  Nic. 

569 

19 

9.2 

2  40  51.80 

3.037 

2 

23 

2.4 

15.30 

17.0 

B.D.  -2° 

482 

2(1 

9.1 

2    10  53.31 

3.022 

3 

23 

58.3 

15.3(1 

17.0 

B.D.  -3° 

431 

21 

9.2 

2  41   36.91 

+  3.025 

-   3 

12 

15.5 

+  15.20 

17.9 

B.I).  -3° 

432 

22 

S.5 

2    12   10.07 

3.047 

1 

44 

41.0 

15.23 

10.11 

A.G.  Sims. 
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23 
24 
25 

26 

•27 
28 
29 
30 

31 
32 
33 

34 
35 

36 

37 
38 
39 
40 

41 
42 
43 
44 
45 

46 

47 
is 
49 
50 

:.i 
52 
53 
54 


56 

57 
58 
59 
60 

61 
62 
63 
64 
65 


Mag. 

9.0 

8.6 
8.5 

9.(1 
7.3 
8.3 
8.3 

8.0 

7.0 

9.1 
8.7 
8.6 


8.9 

9.0 
7.3 

7.5 

7.0 

8.8 
S.O 
9.0 
9.4 

9.4 
8.9 
8.8 
9.1 
0.3 

8.8 
9.0 
8.2 
9.5 
9.1 

9.3 

s.o 
9.6 
9.2 
8.9 

9.6 
9.2' 
'  8.4 
7.0 
9.1 


R.  A.  L914.0 

2  42  25.88 

2  12  IS. 21 
2  13   5,15 

2  43  1  1.39 

2  13  53.70 

2  44  5.50 

2  44  29.05 

2  44  38.36 

2  44  44.17 
2  44  44.62 
2  45  23.20 
2  45  43.29 
2  46  4.17 

2  47  2.30 

2  47  10.42 

2  47  29.5^ 

2  48  55.86 

2  49  24.98 

2  50  2 1, si 

2  52  20.86 

2  52  24.50 

2  52  25.48 

2  51  50,19 

2  55  0.79 

2  55  56.08 

2  56  23.50 

2  56  42.99 

2  57  53.90 

2  58     1.93 

3  0  8.83 
3  2  24.07 
3  4  49.87 
3  6  24.39 

14  43  54.98 
Nil  15.02 
14  45  10.19 
14  46  6.58 
14  40  35.16 

14  46  56.78 
14  48  1.07 
14  48  5.53 
14  53  14.86 
14   53  28.31 


Prec. 

4-3.042 

3. (IIS 
3.017 

I ■::  028 
3.012 
3.022 

3.011 

2.  OSS 

4-3.003 

3.001 
3.013 
2.994 

2.990 

+  3.021 
2.997 
3.013 
2.985 
3.001 

+  2.9S3 
2.907 
2.982 
2.977 
2.972 

+  2.900 
2.909 
2.900 
2.907 
2.901 

+  2.972 
2.954 
2.950 
2.945 
2.947 

+  4.202 
4.199 
4.2  IS 
4.209 
4.208 

+  4.201 
4.202 
4,254 
4.216 
4.322 


Dec    1914.0 

2     0  24.5 

:;  35  11.4 
;;  39  22.7 

2  56  30.1 
:;  58  37  I 

5  10  44.1 
I  52  10.0 
5  31   33.7 

I   ::i  55.0 

I   27  8.1 

3  54  15.(1 
5  4  10.1 
5  20  30.6 

3  21     5.7 

4  52  37.1 

3  19  22.8 
;,  36     1.5 

4  35   53.7 

5  10    10.7 

6  35  58.8 

5  41    50.2 

6  I  1.2 
6    12  22.8 

-  6  35  13.2 
6  25  11.1 
6  55  19.4 
6  30  22.9 

6  49  47.6 

-  6     8  43.9 

7  1  I    4S.1 

6  58  31.1 

7  23  30.0 
7   23    17.5 

-52  8  55.8 

52  1    11.0 

52  17   11.0 

52  1   37.0 

51  55  23.8 

-51     12  40.1 

51  34    50.6 

52  50  40.7 
51     13    54  0 

5:;  39     7.0 


|  L5.22 

15.20 
15.20 

+  15.17 
15.13 
15.12 
15.10 
15.09 


+  14.95 
1  1.95 
14.92 
14.84 

1  I, si 


|  I  LIS 
14.42 
14.39 
14.37 
14.30 

+  14.29 
11.10 
14.02 
I3.SS 
13.77 

-15.13 

15.11 
15.03 
1 5.00 

I  1  OS 

-  14.90 
14.89 
14.88 
14.58 
14.57 


Ei I- 

10.0 
10.9 
10.9 

17.0 
10.9 
17.9 
10.9 
10.9 


1  )esignation 
A.G.  si,-, is.  668 


+  15. OS  17.9 

15. OS  17.0 

15.04  10.9 

15.03  17.9 

15.01  10.9 


10.9 
10.9 
10.9 

io,s 

10.9 


+  14.75  16.8 

14.04  10. S 

14.03  10.9 

11.03  10.9 

14.4S  10.9 


I0.S 
10.9 
10.9 
10.9 
I0.S 

10.9 
10. S 
10.S 
10.S 
10.S 

10.4 
10.4 
10.5 
16.4 
10,1 

10.5 
10.1 
14.9 
10,1 
10,1 


A.G.  Stras. 
A.G.  Stras. 

A.G.  Stras. 
A.G.  Sims. 
A.G.  Sims. 
A  .C.  Sims. 
A.C.  Sims. 

A.G.  Sims. 
A.C.  Sims. 
A.C.  Sims. 
A.C.  Sims. 
A-.G.  Sims. 

A.C.  Sims. 
A.G.  Sims. 
A.C.  Stras. 
A.G.  Sims. 
A.<;.  Stras. 

A.G.  Sims. 
A.C.   Wii/i  OIL 
A.G.  Sims. 
A.G.    Wan  I'll. 

B.D.  -6° 


000 
070 

071 
072 
675 

070 
077 

678 

079 
0S0 
0S1 
0S3 

OS  I 
OS  5 

oso 
690 

(iOI 

097 
002 
705 
004 

57S 


A.G.  Wail  on.  070 

.1.'/.  Wrin  (HI.  077 

A.G.  Wnii  on.  osi 

ll.l).  -6°  5S5 

A.G.  Wnii  oil.  os5 


A.G.  Wein  Oil. 
A.G.  Wein  on. 

A.c.  Wrin  on. 
A.G.  Wnii  on. 
A.C.  Wnn  on. 

C.P.D.  -51° 
C.P.D.  -51 
C.P.D.  -52 
C.P.D.  -51 
C.P.D.  -51 


oso 

000 
700 

719 

72S 

7198 
720  1 
7575 
724  1 

72  10 


C.P.D.   -51°  7254 

C.P.D.   -51  7277 

C.P.D.   -52  7009 

C.P.D.   -51  7374 

C.P.D.   -53  6180 
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No. 

Mag. 

I!.  A.  1914.9 

Prec. 

Dec.  191  mi 

Prec. 

Epoch 

1  (esignation 

66 

8.9 

14  54   21.99 

+4.330 

-53   43 

22.2 

-  14.52 

10.4 

C.P.D.  -53° 

6186 

(17 

9.1 

1  1   56  37.77 

1.350 

53    52 

30.8 

14.38 

10.5 

C.P.D.  -53 

0207 

68 

9.3 

14  57  23.98 

4.302 

54     2 

10.8 

14.33 

10.1 

C.l'.l).  -53 

6222 

69 

8.7 

14   57  44.89 

4.362 

54     0 

7.0 

14.31 

10.4 

C.P.D.  -53 

022!) 

7u 

8.8 

14  58  in. 7:; 

4.239 

51     1(1 

5 . 3 

14.28 

10.4 

C.P.D.  -51 

7488 

71 

9.0 

14   5(1  57.43 

+  4.3S3 

-54   H) 

38.6 

-14.17 

10.4 

C.P.D.  -54° 

6320 

7  2 

9.2 

15     1   27,60 

4.393 

54    13 

7.9 

14.08 

10.1 

C.P.D.  -54 

03;;:; 

73 

0.7 

15      1   37.20 

1.258 

51     II 

47.1 

1+07 

10.(1 

(I'.D.  -51 

7552 

74 

s.7 

15      1    53.01 

4.258 

51    10 

42.0 

14.05 

10.4 

C.P.D.  -51 

7557 

75 

9.6 

15     3  40.67 

4.409 

51    15 

35,8 

13.94 

10,1 

C.P.D.  -54 

035!) 

76 

8.9 

15     5     4.90 

+  4.423 

-54   23 

51.7 

I3.S5 

10.4 

C.P.D.  -54° 

0300 

77 

8.7 

15     1)   13.98 

4.172 

54   54 

3.6 

13.59 

10.1 

C.P.D.  -54 

0414 

78 

S.4 

15    12  40. 21 

4.50(1 

:,:,   12 

50.6 

13.36 

10,1 

C.P.D.  -54 

6490 

70 

9.5 

15    IS    1  1.50 

1.531 

55     5 

1.6 

13.00 

10.4 

C.P.D.  -54 

6486 

so 

8.0 

15   22  21.41 

4  508 

55    1(1 

43.5 

12.72 

10.1 

C.P.D.  -55 

0572 

SI 

9.4 

15  28  52.45 

+  4.005 

-55  23 

14.3 

-   12.2S 

16.4 

C.P.D.  -55° 

6624 

82 

8.4 

15  42  40.81 

4.00!) 

55   19 

15.1 

11.30 

16.4 

C.P.D.  -55 

6719 

83 

8.3 

15  45  50.39 

4.082 

55   17 

40.7 

11.07 

15.5 

C.P.D.  -55 

6741 

84 

9.2 

15  48     3.96 

4.695 

55    Id 

55.0 

10.01 

16.4 

C.P.D.  -55 

6780 

85 

8.8 

15  53  2S.0S 

4.71(1 

55    IS 

57.2 

10.50 

16.4 

C.P.D.  -55 

OS!  IS 

86 

s.l 

15  54    15.35 

+  4.720 

55   23 

16.3 

-  10.45 

15.5 

C.P.D.  -55° 

0010 

87 

s.s 

15   57   50.00 

4.730 

55    1  1 

15.4 

10.17 

10.1 

C. I'.D.  --,:, 

7000 

88 

8.1 

10     3  41.10 

4.750 

55     7 

11.4 

0.73 

10.4 

C.P.D.  -r,;> 

7159 

89 

7.5 

10   17  37.30 

3.25  1 

8  32 

10.1 

S.O  5 

10.4 

A.G.  Wein  on. 

5077 

90 

s.s 

10  22  27.70 

1.772 

5  1    21 

47.7 

8.27 

15.5 

(I'.D.  -54° 

7710 

9] 

8.2 

10  24    14.23 

+  3.1S5 

-    5    15 

20.4 

-    8.13 

10.5 

.1.'/.  Stras. 

5074 

92 

8.3 

10  21  35.26 

3.  ISO 

5    15 

43.9 

S.10 

10.4 

A.G.  Stras. 

5005 

93 

7.."> 

10  27    10.78 

3.220 

0   50 

20.0 

7.89 

10.4 

A.G.  Wein  oil. 

5724 

94 

8.8 

Hi  28  52.95 

1.777 

51      (i 

31.7 

7.75 

10.1 

C.P.D.  -54° 

7761 

95 

s.O 

10  21 »  31.52 

4.774 

54    22 

22.5 

7.70 

Hi. 4 

C.P.D.  -53° 

8076 

96 

s.l 

10  3d    12.39 

+  3.24  1 

7    15 

30.7 

-    7.01 

10.5 

A.G.  Wein  Oil. 

5730 

97 

7.(1 

10   33    13.02 

I.7S2 

x;  58 

2.0 

7.30 

15.5 

CI'.D.  -53° 

8122 

(IS 

li.li 

10  31      7.  lit 

3.25S 

S   20 

52.2 

7.33 

10.4 

.1/,'.  Wein  OIL 

5754 

99 

0.0 

10  31   50.74 

3.270 

(I  22 

52.3 

7.27 

10.0 

A.G.  Wein  Oil. 

5757 

Hid 

0.(1 

10  35  35.56 

3.276 

9    10 

20.2 

7.20 

10.5 

A.G.   Weill  Oil. 

5761 

101 

8.5 

10  30    14.70 

+4.771 

-53  39 

50.1 

-    7.16 

15.5 

CI'.D.  -53° 

si  17 

102 

(i.S 

10  30    10.51 

3.252 

s     s 

35.0 

7.16 

10.4 

A.G.  Wein  on. 

5764 

103 

(t.  1 

10   38   3  1.13 

3  289 

0    13 

11.1 

0.07 

16.5 

B.D.  -9° 

4430 

101 

S.l 

10  40    IS. (10 

1.773 

53   20 

52.4 

6.78 

15.5 

C.P.D.  -53° 

8176 

L05 

s.s 

10  45  50.00 

1.704 

53     8 

20.0 

0.36 

10.1 

C.P.D.  -53° 

8205 

L06 

8.6 

10   51    55.53 

+  4.74  5 

52  35 

44.1 

-    5.86 

15.0 

C.P.D.  -52° 

10360 

107 

ii.7 

10   50    HI. SO 

3.380 

13  26 

0.3 

5.40 

10,1 

A.G.  Cbr. 

5826 

IDS 

0.2 

10   5!)   22.10 

3.405 

14  26 

10.2 

5.23 

10.1 

B.D.  -14° 

4532 

N"    747 
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No. 

Mag 

K.   \.  191  in 

Prec. 

Dec.  I'M  1  '1 

r,  c 

i  >'■-  U'l'.'lt  llll 

L09 

9.0 

16  59    12.82 

\  3.406 

-  1  1    27     7.8 

5.20 

16.5 

A.G.    Wash. 

010:; 

11(1 

s.s 

17   10  59.42 

3.465 

lti    12   2:;. 7 

1.25 

10.5 

A.G.  Wash. 

0171) 

1  11 

8.8 

17    12    1  1.77 

|  1.651 

-50  20   16.5 

-    4.13 

10.5 

C.Z. 

OKI 

112 

8.0 

17    15  45.92 

1.620 

19    10  35.0 

3.83 

10.1 

a. 

2:;  102 

1  13 

8.3 

17  16     7.33 

1.625 

49    17  20.4 

3, SO 

10.1 

C.  /.. 

SOS 

114 

8.8 

17    17  26.58 

3.526    ■ 

1!)      1     12.2 

3.70 

10.5 

B.D.  -  is 

150S 

115 

7.1 

17    17  29.22 

1.601 

4!)    IS   30.4 

3.61 

10.5 

C.  Z. 

01)2 

1  16 

8.6 

17    is  47.41 

+  1.606 

-4!)  22   18.2 

-    3.57 

10.  1 

Arg.  G. 

23540 

117 

8.2 

17    IH    Hi. 21 

1.596 

19    10  30.8 

3.53 

10.5 

C.P.D.  -  10' 

9981 

1  18 

8.6 

17   20  20.07 

1.602 

49    15  56.4 

3.1  1 

10.1 

c.  z. 

1 1 73 

111) 

8.6 

17   22     7.50 

::.:>:,« 

20    1  1   2S.7 

3.20 

10,1 

B.D.  -20' 

.1771 

120 

8.9 

17  23  34.56 

4.567 

is  32    10.2 

3.16 

10,1 

c.  z. 

1394 

121 

9.0 

17  26     6.54 

+  4.55S 

-48   19  21.0 

-    2.94 

Hi. 4 

c.  z. 

L565 

1 22 

8.6 

17  26    Hi.  1)7 

1.564 

48  26    15.5 

2.1)3 

10.5 

C.P.D.  -  is 

9282 

9.0 

17  26   17.67 

3.594 

21   30     0.5 

2.03 

10.5 

B.D.      21 

I02S 

1 24 

S.2 

17  28  20.66 

1.53  1 

17    ID    1  1.2 

2.75 

10,1 

Arg.  G. 

23790 

1  25 

8.0 

17  31    33:05 

1.172 

46  31   55.0 

2.47 

10.4 

C.  Z. 

10  17 

L26 

8.7 

17  36  2ii.ll 

+  1.113      • 

-45    13    10.7 

-   2.0  1 

10.1 

Arg.G. 

23962 

127 

8.5 

17  36    12.86 

3.745 

26   is     7.9 

2.01 

IS.O 

Cape  00 

2110 

1  28 

7..") 

17  37    1  1.40 

1.117 

45  :>:,   10.D 

1.98 

Hi.  1 

(  'ape  A  si . 

6384 

129 

8.0 

17  38  38.33 

1,11)1) 

15     8   55.7 

1 .85 

10.4 

Arg.  G. 

21022 

130 

10.0 

17  39  12.25 

3. 70S 

25  31     3.4 

LSI 

10. 5 

C.P.D.  -25" 

005  1 

131 

8.9 

17  39  37.12 

+3.684 

-21   38  40.3 

-    1.77 

10.4 

c.  z. 

25: 10 

132 

9.0 

17  40    L8.35 

3.7  10 

26  36  51.5 

1.70 

IS.O 

(■„,>,'  1)0 

2157 

133 

s.s 

17  40  57.U7 

3.736 

26  28    L9.9 

1.65 

10.5 

Co.  I>.  -20° 

I232:i 

1 3  1 

9.0 

17  41    10.77 

3.7  IS 

25  50  36.9 

1 .62 

10.5 

C.P.D.  -25° 

0070 

135 

8.8 

17  41    23.35 

3.715 

25  43   17.7 

1.62 

is. 7 

Cape  00 

2  120 

L36 

8.2 

17  41    34.44 

+  4.3S3 

-44  30  40.6 

■  -    1.60 

10.5 

Cape  A  si. 

0111 

137 

7.0 

17  42     8.68 

3.776 

27    17  55.9 

1  +  1 

is. 7 

Cape  00 

242 1 

138 

8.5 

17    12    12.70 

3.7:i2 

26   18  57.7 

1.53 

1  1.0 

Wash. 

15  102 

L39 

9.0 

17   42    18.36 

1,105 

44   59  52.1 

L.55 

1S.S 

('.  Z. 

2070 

140 

8.5 

17    12    IS. 57 

1.374 

II    is  39.7 

L.53 

L6 

1,,;.  a. 

21117 

141 

7.."i 

17  43     5.IH 

+  3.751 

-26  56   13.1 

-    1.46 

10,1 

Cape  so 

1)01)1 

142 

s.s 

17  43  22.14 

3.752 

26  58  30.1 

l.ll 

10.5 

A  rgr. 

17227 

143 

9.2 

17    13  51.02 

3.772 

27    39   33.2 

1.10 

10.5 

C.P.D.    -  27 

5786 

111 

8.5 

17    13   51). 4 4 

3.821 

29    17    13.0 

1.10 

IS.  7 

Cape  00 

2  1 2  1 

145 

s.s 

17    11    L3.88 

3.763 

27  22    13.1 

1.37 

10.5 

C.P.D.   -27 

5703 

146 

s.7 

17  44   37.90 

+  4.322 

-  13     7    L9.6 

-     1.3  1 

10  1 

(■„!„'  Asl. 

0  12!) 

117 

8.5 

17    II    13.06 

3.746 

26    17     5.5 

1.33 

1S.S 

Cape  00 

2127 

148 

9.0 

17    11   53.52 

3.754 

27      2    14.1 

L.33 

18.7 

<  ape  00 

2I2S 

1411 

7.n 

17  4!    5S.15 

3.753 

27     2     6.3 

L.32 

10,1 

Arg.  G. 

21210 

L50 

7.D 

17    15  40.33 

3.860 

30  31   57.0 

1.25 

is.7 

Wash. 

3559 

151 

8.8 

17  45    13.80 

+  3.70:; 

-27  22    10. s 

-     1.25 

10.5 

(  0.  1).  -27° 

1200!) 

24 
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No-  747 


X... 

Mag. 

R. 

A. 

914.0 

Prec. 

Dp 

:.  1914.0 

Prec. 

Epoch 

Designation 

152 

8.6 

7 

41  i 

25.  IIS 

+  3.800 

-28 

35 

50.2 

-1.10 

10.5 

Yarnall 

75SI 

1 53 

7.2 

7 

16 

42.83 

3.884 

31 

18 

21.7 

1.16 

18.8 

Wash. 

3567 

154 

6.9 

7 

40 

43.71 

1.27:1 

41 

58 

14.7 

1.16 

10.4 

<  'ape  Ast 

0441 

1 55 

8.6 

' 

47 

3.77 

1.284 

42 

13 

27.4 

1.13 

16.4 

C.  Z. 

2004 

156 

9.0 

7 

47 

38.14 

+3.808 

-28 

50 

47.5 

-    1.08 

is. 7 

Wash. 

3570 

157 

9.5 

7 

47 

42.82 

3.808 

28 

50 

58.6 

1.07 

18.7 

Wash. 

3577 

158 

9.5 

7 

4S 

9.80 

3.824 

29 

22 

0.4 

1.03 

16.5 

c.  z. 

3087 

L59 

6.8 

7 

48 

10.51 

3.761 

27 

15 

50.2 

1.03 

18.7 

Capt  00 

2440 

Kill 

8.6 

7 

4S 

12.71) 

3.808 

28 

50 

8.9 

1.03 

18.8 

Wash. 

3582 

161 

9.5 

7 

18 

20.20 

+  3.S21 

-20 

22 

7.5 

-    1.02 

10.5 

C.  Z. 

3101 

162 

s.7 

7 

48 

38.68 

3.870 

30 

50 

35.0 

0.00 

16.5 

C.P.D.  - 

-30° 

5012 

163 

9.2 

7 

1!) 

0.81 

1.248 

41 

20 

5S.3 

0.00 

16.5 

C.P.D.  - 

-41° 

8368 

Mil 

7.s 

7 

4!) 

59.61 

1.205 

40 

17 

43.0 

0.87 

18.7 

<  'ape  Ast 

0401 

165 

s.2 

i 

50 

47.71 

4.200 

40 

22 

21.1 

o.so 

10.4 

C.P.D.  - 

-40° 

8106 

106 

7.2 

7 

50 

50.31 

+  4.100 

-39 

:>'> 

11.7 

0.80 

10,1 

Arg.  G. 

24328 

167 

7.S 

7 

50 

53.86 

1.205 

40 

17 

34.4 

0.80 

16.5 

Arg.  G. 

24330 

168 

8.3 

7 

50 

57.21 

3.991 

34 

31 

6.6 

0.70 

16.5 

Arg.G. 

24334 

169 

7.0 

7 

51 

11.88 

3.930 

32 

40 

34.7 

0.77 

16.5 

Arg.  G. 

24340 

170 

s.s 

7 

51 

25.83 

4.187 

39 

10 

40.4 

0.75 

16.5 

Co.  1).  - 

39° 

12042 

171 

8.5 

7 

51 

52.96 

+  3.000 

-32 

2 

10.0 

0.71 

16.5 

Arg.  G. 

24359 

172 

8.3 

7 

52 

40.91 

4.010 

35 

3 

23.6 

0.64 

10.4 

Arg.G. 

24380 

173 

8.5 

7 

52 

12.34 

1.115 

37 

57 

53.3 

0.04 

10.4 

Arg.  G. 

24378 

174 

9.0 

7 

52 

43.73 

3.937 

32 

54 

1.5 

0.63 

18.6 

C.  /.. 

3888 

175 

6.5 

7 

53 

5.01 

4.074 

36 

51 

0.0 

0.61 

16.5 

Perth  V. 

1 525 

170 

5.8 

7 

53 

1  1.57 

+  3.S00 

-28 

45 

1.3 

-    0.50 

18.7 

Cape  00 

2  452 

177 

7.5 

i 

5:; 

14.57 

1.138 

38 

33 

51.5 

0.50 

16.5 

Arg.  G. 

24301 

178 

7.5 

7 

53 

22.50 

4.077 

36 

55 

52.0 

0.58 

18.8 

Arg.G. 

24396 

179 

9.0 

7 

53 

20.50 

4.112 

37 

52 

20.0 

0.57 

18.7 

C.  Z. 

3425 

1 80 

9.0 

7 

53 

28.69 

4.047 

36 

5 

10.7 

0.57 

16.5 

Co.  D.  - 

36c 

12066 

ISl 

5.4 

L7 

53 

33  99 

+3.852 

-  30 

14 

44.4 

-    0.50 

is.  7 

Wash. 

3002 

1 82 

8.0 

7 

54 

4.24 

4.  OSS 

37 

15 

51.8 

0.51 

10.5 

C.  Z. 

3468 

is:; 

7.5 

7 

54 

16.24 

3.954 

33 

21 

7.3 

0.50 

14.0 

Arg.  G. 

21  123 

ISl 

9.0 

7 

51 

id.  is 

4.041 

35 

'>.'> 

IS.  5 

0.511 

18.7 

C.  Z. 

3  484 

is:, 

8.5 

7 

5  1 

2  4.51 

4.031 

35 

38 

35.8 

0,10 

18.6 

c.  z. 

3  407 

186 

s.s 

7 

54 

24.74 

+  3.00S 

-34 

40 

:•:,.  I 

-    0.40 

10.4 

Arg.  G. 

21420 

L87 

9.0 

7 

5  1 

31.04 

1.046 

35 

56 

54.2 

O.IS 

16.5 

c.  z. 

3502 

1SS 

9.0 

; 

5  1 

40.77 

4.001 

34 

46 

50.7 

0,40 

16.5 

C.P.D.  - 

-34° 

7490 

189 

8.0 

i 

54 

11.70 

3.841 

29 

53 

14.2 

0.40 

is.7 

Cape  00 

2458 

L90 

8.5 

7 

55 

1.95 

3.998 

34 

12 

12.2 

0.43 

16.5 

c.  z. 

3541 

I'.n 

8.9 

17 

55 

11.19 

+3.932 

32 

13 

50.5 

-    0.38 

16.5 

Arg.  G. 

24462 
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MEASURES  OF  DOUBLE  STARS 

Bi    E     I).   aOE,  .Ik 

The  following  pairs  of  stars,  with  a  few  exceptions,      them    were   merely    observed   long  enough   to  identify 
were    found    in    searching    for    new   pairs.     Some    of      I  hem. 


J  584  B.D.   +  17:   62 
0h  26"'  32s,    +17°  26'   (1920) 
This  position  is  given  by  J. 
(9,  12)   (14/10,  IS;  24-in.) 

1918.786       174.1 

J   183  A.G.  Berlin  A.  146 
()'■  20'"  41s,    +15°  30'   (1880) 
0h  2S-  45s,    +15°  44'   (1920) 
[7.3,  13)   (14    10    18;  24-in.) 

1918.786        L02.1       22.12 

126  i)   Cassiopeia  (6J^-in.J 

1917.838  256.0         7.26 

.844  255.0  .30 

.847  255.8  .18 


1917.843       255.6         7.25 

534  A.G.   12  (9,  9.7)   (63^-in.) 
1917.871        212.7  1.73 

1902.800       243.4         4.48  M   3 
Probably  no  change. 

807  II  640  (9.7,  9.8)   (6^-in.) 
1917.912       104.9         5.86 
1820.  +         295  ±      4,±      H 
1901.81         290.7         5.31   0    2    (9.5, 

9.5) 
1910.766       110.5         5.69   Fox  3 

1214  2  250   (9,  9.2)    (O^-in.) 

1917.912  134.7         3.20 

1832.01  135.8         3.16  2  3 

1904.90  135.3         2.91  ff  2 


A   1705  B.D.   +42"  74s 
3h  13'"    3s,   4-42°  55'   I  L880) 

3h  I.V-   13  .    4-43°    4'   (1920) 

21  \.">  preceding  and  1  '.8  norl  h  of 
A.G.  Bonn  2796  which  was  used  in 
determining  the  position. 

(9.6,  9.8)   i  19    II     17:  63^-in.) 

1!)  1 7.  ssi  i      184.9     3.53 

1907.85       1S7.6     3.15  (9.5,  9.5)  A  2 

A  2120  B.D.    +  17"  795 
3h  31'"  36s,   +17°  12'   (1880) 
3h  33'"  53%    +17°  20'   (1920) 

This   is   A.G.   Berlin   A.   976   from 
which  the  positions  were  found. 
(S.s.  9.5)   (7/12/17;  6^-in.) 

1917.934     269.7      1.29 
1912.69        26S.4      1.S0  (S.5,  9.5)   A  2 
( Jhange  doubtful. 

3596  Sinus  (l,  3/18;  o'o-in.) 
I91S.164  72. S        10.:,') 

One  setting  each  fur  angle  and 
distance.  This  is  not  given  as  a 
measure,  bu1  merely  as  a  record  of 
an  observation  with  this  apt  rime. 
No  doulit  aboul  seeing  the  com- 
panion. 

5713  1'   15 IS  rej.    BC 
ll1'     8'"  11%    +5°  55'   (1SS0) 
ll1'  10'"  15%    +5°  42'   (1920) 

6s. 9  preceding  and  0'.43  south  of 
.1.'/.  Leip.  II.  5738. 


(10,  10.5)  !6l.  ,-in.i 

19  IS, 010  350.  2.00 
.370  351.1  3.01 
.372   350.3    2. St) 


1918.261    35(1.0    2.01 

This   with   other   measures  shows 

there      is      no      decided      evidence      of 

change. 

7717  f  Herculis  (0+-m.) 
1918.480         92.3  1.71 

.485         93.2         1.81 
.488         93.5         1.85 


19  IS.  1S4 


93.0 


1.79 


7769  2  210  1    (634-in.) 
1918.480     20.2     5.33 
1825.35       19.5     5.86  2  3 
1868.88       19.7     5.80  A  5 
1889.52        17.9     5.69  Cjacomelli  3 

7S5S  2   2120  (6i._,-m.) 

Mils,  is.',       238.7  10.50 

.488       238.0  10.45 

.501       237.7  9. si 


1918.491       23S.I        10.20 

7914   a  Herculis   m;i  ._,-in.) 
L918.525       112.5  1.55 

S017  2  2165  (6K-in.) 

It)  is. :,()l  :,:,.6       S.19 

( )ne    set  i  ing    each    for    angle    and 
distance. 

(25) 
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8160  2  21' 17   (li'j-in.) 

L918.567       283.8        6.58 

One   setting  each    for   angle    and 
distance. 

8348  2   2276   K'.1  ..-in.) 
1918.542       256.0         6.92 
( >ne  setting. 

8532  Hu  64  (8,  9)   (G^-in.) 
L918.583         12.2         3  (estimated) 
1899.65  L2.1         4.04  Hr    1 

8(515  2  2329  Mi'.-iii.) 
L918.594         14.5       3.59 
( me  setting. 

8642  2  2339  (8,  8.5)   (O'.j-in.) 

1918.597  271.6       2.13 

L830.03  271.5       2.33  (7.2,  8)  2  3 

1901.61  270.6       2.45  Hu  2 

.1  523  B.D.   4-9°  3790 
L81  32°°  Is,      +9°  40'  (1880) 
L8h  33™  54s,    +9°  42'  (1020) 
22s.6  preceding  and  1'.56  south  of 

A.G.  Leip.  II.  8701  which  was  used 

in    determining    the    positions.     .J 

gives     is1,  33-  57s  (1020). 

(9.9,    10.1)    (17   7    18;    6J4-in.) 

L918.542         23.9  LOO 

.548         22.  s         3.76 
.549         21.1  I. Ml 


9147  A  99  B.D.  -9°  5067 
10h  9m  49s,  -9°  38'  i  1880) 
L9h  12™     1-.    -9°  34'   (1920 

22 -.:■;  preceding  and  o'.os  north  of 
A.G.  Wien-Ottakring  6658  which  was 
used  to  gel   the  position. 

(9.7,  10.1)   (1/8/18;  OU-in.) 


1918.583 

.50  1 


r2.o 
re.  3 


LSI 
2.44 


1918.589         72.7         2.13 

1000,19       07.1        1.96  (10,  10)   A  3 

I  measure  from  A  to  a  third  star 
9.4,  which  is  B.D.   -9°  500S. 

L918.594         81.3       43.04 

9374  0  Cygni  (6^-in.) 
1917. Mis         54.6       34.04  (daylight) 
.871  .1  '.05 


1917.870 


54.4       34.65 


10  is. 50 1 


21.7 


1.02 


8836  l  2401    (7,  8)   (6H-in.) 

L918.501     37.3      1. 70  ( •  setting) 

1828  so       37.0     1.00  2    1 
Pracl  ically  unchanged. 

8860  l  2101   (26  7    is,  6J^-in.) 

19  IS. 507        IS2.7  3.75 

L829.09         IS3.2        3.5:;  2  3 
1902.4  1  1S2.S  3.03    Hi     3 

8876  2  2408  (26  7    L8;  6^-in.) 
L918.567         92.7         2.46 
1830.70           96.5         2.30  2  3 
1902.11           94.0         2.36   Hi    :; 


10363  0  Delphini  (O'j-in.) 

L918.580  157.3 

.000  15S.7  0.3S 

.619  158.3  .45 

These  were  all  single  settings  and 
are  not  published  as  measures  Out 
only  as  a  record  of  observations  with 
this  aperture.  For  comparison  I 
give  a  single  setting  I  made  with  the 
24-in. 


10538  0  66  (9.2.  9.2) 
(3/7    IS:  Oi  .-in.  i 

1918.504        102.3  1.48 

L876.00         15S.0         1.23  A  5 
L898.70         159.5         1.10  Doo  4 

.1    102   B.D.    +13°   4717 

21"  23"'    0\   +13°  10'   (1SS0) 
21h  24'"  55s,    +13°  20'   (1920) 
2'"  3\3  following  and  0'.49  south 
of  A.G.  La,,.  I.  S503  which  was  used 
to  get  the  position. 

(9.7.  11)    (22    9    IS;  24-in.) 
1918.720         57.8         2.51 
.743         57. S         2.00 
.759  5S.0  2.43 


1918.743 


5S.I 


2.51 


11221  0  1305  B.D.  +10:  4022 
21h  40'"  7s,  4-10°  20'  (1SS0) 
211'  42"'  5s,  +10°  30'  i  1920! 
0  (i.e.  gives    21h  39'"  9s,  +10°  14' 

i  isso). 

(9.3,    10.2.    10.5i    (10    10    IS;   24-in.) 

.1/,'      1918.797  90.S  SO. 91 

BC      19  IS. 792  48.7  0.90 

.797  .0  .89 


1918.720        159,1 


0.30 


.1  101  20h  :i5'"  22-,    +17°  12'  (1880) 
20'1  37'"   12-,    +17°  21'    i  1920) 

1  \s  preceding  and  3'. 73  north  of 
A.G.    Berlin,    A.    8321.     .1    gives    1- 

more  in  the  I!.  A.  for  1920. 

(9.5.  0.7)    (31  7     IS;   0'2-in.) 
L918.580         til.s         3.77 
cur,         01.4         3.50 
.019         02.S  1.28 


101S.002  02.0         3.85 

1910.83  63.1     3.59  (9.3,  9.0)  .1  2 

1915.77  05.7     4.34    (9.5.  9.8)   J  1 

Motion  not    vet    indicated. 


1918.795         48.7  0.90 

1  measure  four  stars:  1).  E.  F.  G, 
each  of  a!>out  the  twelfth  magnitude 
as  follows: 

AD     1918.797         48.6  52.50 

.!/•:              .707          07.1  82.82 

AF              .797       235.7  4 1. SO 

AG              .797        290.4  100.93, 

.1    201    i  10.   10.1)    (24-in.) 
21h  42"'  53-,    4-10°  0'   (1920i   .1 
About  42s  following  and  24'  south 
of  BC  0  1305.   11221. 
1918.797       220.7       2  .83 

.1    105   221'  33'"  50-,  +11°  0'    (1920) 
This  position  is  given  by  .1.     The 

pair  is  A.G.  Leip.  I.  9033. 

1918.822       135.4 

J  208   22h  36m  57s,   +11°    7'  (1880) 
22h  38'"  50s,    +11°  20'   (1920) 
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2(i\0   preceding   and    2'. 25   south   of 
B.D.   4-11°  4865.     .1  gives 

221'  38™  59s,     |- 11'    L9'   i  L920) 
(9.9,  lil.l)   (22    H)    is:  24-in.) 


Id  is. Mis 
L910.81  I 


69.5 

7D.2 


3.16 
3.43  .1    1 


11957   II   301    :,   Pegasi 

A.G.  Leip.   I.  9091 

22i.   ),).,  _i-2     +n°  34'  t  1880) 

22h  42'"  41s,    4-1  1°   hi'    [  1(120) 


I.s.  12,    ,  i.-,    in    is;  24-in.) 
11.62 


1918.789 

.7!  12 


L06.9 

1(17.(1 


L918.791        L07.3  L1.57 

12094   (il    183   52  Pegasi  (24-in.) 

1918.810       235.9        0.89 
L845.28         lsil.s  .01  02  2 

1897.56         222.(1  .95   Hi    7 


.1   21  1   B.D.    +  15°    1901 

23h  49™  52  .     !  Lo    32'   (1920)  .) 

I  II    1(1    18;  24-in.) 


1918.786 
L910.833 


112.1         3.15 
I ()'.).  I         2.33  .1    I 


1 

r,    191S 


(10)  HYGIEA:    PERTURBATIONS 

By  A.-ESTEL 
In  the  course  of  the  investigation  of  the  perturba- 
tions of  the  minor  planets  discovered  by  James  C. 
Watson,  under  the  direction  of  PROFESSOK  A.  0. 
Leuschneb,  of  the  University  of  California,  a  revision 
was  completed1  in  May  1913  of  v.  Zeipel's  Ange- 
nceherte  Jupiters-Stcerungen  fuer  die  Hecuba-Gruppe} 
In  connection  with  this  work  1  prepared  detailed 
directions  for  the  application  of  v.  Zeipel's  theory  and 
the  use  of  the  revised  tables  and,  for  further  guidance 
to  the  computer,  illustrated  the  same  by  application 
to  (10)  Hygiea,  the  example  chosen  by  v.  Zeipel. 
The  problem  of  correcting  the  elements  of  Hygiea  was 
not  concluded  at  thai  time,  as  indicated  by  the  follow- 
ing statement,  (loc.  cit.,  iS(l)1 : 

"11  was  originally  planned  to  conclude  the  example 
with  a  least  squares  solution  of  the  orbit  on  the  basis 
of  the  observations  used  by  v.  Zeipel  for  I  he  same 
purpose,  and  to  tesl  conclusively  the  relative  value  of 
the  revised  and  v.  Zeipel's  original  tables  by  represent- 


BY  JUPITER  AND  ELEMENTS, 

LE    GLANCY. 
ing  recenl  observations  with  both  sels  of  elements  and 
tables. 

"In  the  course  of  the  computation  doubt  arose 
regarding  (he  accuracy  of  some  of  the  observations 
selected  by  v.  Zeipel,  which  led  lo  their  rejection  and 
the  substitution  of  other  observations.  This  substi- 
tution produced  an  unfavorable  distribution  of  the 
observe'.!  places  in  the  orbit  ami  gave  invalid  results 
lor  th<    I  easl  Squares  solution." 

This  deficiency  has  now  been  me1  and  below  is  a, 
summary  of  I  he  procedure  and  results. 

A  least  square  solution  has  been  made,  based  on  the 
foil,, win-  oppositions,  1849,  52,  55,  (il,  (17,  7:;,  79,  82, 

84.       The    observations    are    those    used     by     \.     Zliri.l. 

with  i  he  exception  of  two,  the  accuracy  of  which  was 
doubtful.  These  two  were  replaced  by  two  other  dales 
at  the  same  oppositions.  In  place  of  I  he  observations 
used   by   \.   Zeipel  I   have  substituted  the  following: 


Ber.  M.  T. 


App.  a 


\i.p.  <3 


Obs.  mi 


I.Yl 


L849      May   21      10  27  04 
1879     Oct.      6     12   13  54 


12  01  30.53 
0  30  37.50 


-5.32  45.4 
+  9   1(1    18.5 


Leipzig 

Paris 


A.  N.  29,  30 
Ann.  Paris  1879 


i  (  iinected  for  parallax) 


In  neit  her  case  is  t  he  suspected  i 
to  influence  the  results  materially. 

The  resulting  corrections  to  the  i 
and  the  new  element <  are 

j    7T,  =  231°.0824 

1850.0  J  a, 


rror  large  enough 
lemeiits  are  small 


287  .4578 

j     oj  =  303  .6246 

L   it  =      3  .7917 

Vl  =      6  .3586 

c,  =  121  .5316 

„„  =  (13(1". 86105 

0°.  17690585 

Epoch  and  Osculation,  1851  Sept.  17.0  Ber.  M.  T. 


log 


=      9°.67159 
=  217M283 


220  .(17  1 
=  221°.693 


The  following  auxiliary  constants  have  been  cor- 
rected (loc.  cit.  U)< 

c,  =  121°. (iloo 
1-v 
2 
I     w 
2  '•'• 

The  perturbation  [ut>z]\  has  been  corrected  in  the 
first    two  terms  only,  namely, 

1  "Tables  of  the  Minor  Planets  Discovered  by  James  C.  Wat- 
son," Part  II,  by  A  O.  Leuschner,  Anna  Estep-e  Glancy,  and 
Sophia  II.  Levy,  "Memoirs  of  the  National  Academy  of  Sciences," 
Volumi   XIV,  Second  Memoir,  Washington,  1919,  in  press 

"Memoires  de  I'Academie  [mperiale  dee  Sciences  de  St.  Peters- 
bourg,"  VIII  Si'iic,  Classe  Physico-Mathematique,  Volume  XII, 
No.  I  1,  1902. 
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\n8z] 


=  [4.11827]  sin  (2<p  +   73°. 0744)  + 

+  [3.3124]    sin  i4y  +306  .5719)  +    remai 


To  I"-  strictly  correct  the  shorl  period  terms 
be  corrected  for 

AA  =  Att  =  +0°.2S56 

Km  I  am  of  the  opinion  thai  the  perturbations 
differ  by  only  a  few  seconds  of  arc,  and  in  view 
labor  involved  this  correction  is  neglected. 

Before  solution  the  residuals  were 


nnifi 

terms 

shouli 


would 
of  the 


Opp. 

G 

in   plan.' 

V.  Z. 

A  /  cos  /J 

G 
to  plane 

V.  z. 

A  ,3 

1849 

+   4.7 

+  4.6 

0.0 

+  0.8 

52 

+   2.5 

0.5 

+  0.1 

+  0.1      . 

55 

-    1.4 

-   6.2 

+  0.1 

-0.1 

(il 

-    5.1 

—  14.4 

-1.0 

+1.1 

C.7 

-11.3 

-23.1 

-1:1 

0.0 

73 

+    1.3 

-  15.9 

-i.i 

+  0.4 

79 

+  10.2 

-   7.8 

-0.6 

+  0.4 

82 

+   4.4 

-2(1.1 

+  1.0 

+  0.3 

84 

-    0.6 

-23.5 

-1.1 

+0.1 

Since  the  inclination  of  the  orbit  plane  to  the  ecliptic 
is  only  four  degrees  this  comparison  is  legitimate. 
The  calculations  were  made  to  0°.0001,  bu1  the  resid- 
uals have  1 n  abbreviated  for  comparison.      Evidently 


v.  Zeipkl's  tables  represent  the  position  perpendicular 
to   the   orbit  a  little   better,  but    the   Berkeley    tables 
are  considerably  better  in  the  plane. 
After  solution  the  residuals  are 


Opp. 

G 

v.z. 

G 

V.  z. 

in  plane 

A  /,  COS    < 

_i_  to  plane 

•i  .' 

1849 

+  4.0 

+4.4 

-0.5 

+  0.S 

52 

-4.0 

-4.3 

-0.1 

+  0.1 

55 

+  1.8 

+  2.0 

+  0.3 

-0.1 

61 

-0.8 

-1.0 

-0.2 

+  1.1 

67 

—  7.5 

-6.5 

0.0 

0.0 

73 

+  1.8 

0.0 

-0.1 

+  0.4 

79 

+  7.0 

+  7.6 

0.0 

+  0.4 

82 

-2.9 

-2.S 

0.0 

+  0.3 

M 

+  0.7 

+  1.0 

0.0 

+  0.1 

No  solution  was  made  for  A/3,  hence  the  residuals 
remain  unchanged.  Evidently  there  is  little  choice 
between  the  new  elements  and  the  Berkeley  tables  and 
those  of  v.  Zeipel  so  far  as  the  oppositions  L849  to 
1884  are  concerned.  It  remains  to  represent  later 
oppositions  with  both  sets  of  elements  and  perturba- 
tions. For  this  purpose  1  have  compared  an  observa- 
tion for  the  opposition  1910  and  two  of  my  own  taken 
with  the  12"  equatorial  at  the  Observatorio  Nacional, 
(  '(triloba,  in  the  years   1914.    1917. 


Her.  M.  T. 

App.  a 

App.  3 

i'. 

Pi 

IV 

Ref. 

1910     Feb.    28.5181 

ll         111          s 

10  33    15.76 

-   4    12   13.4 

+  2.8 

Nice 

B.  A.  1910 

1914     Feb.      1.6165 

2  54    13.52 

+  19  31    12.6 

+  0.13 

-1.8 

(  'ordoba 

.1.  ./.  730 

Feb.      8.5835 

2  58  os. 71 

+  19  39  00. X 

+  0.11 

-1.8 

Cordoba 

.1.  ./    730 

Feb.     9.5026 

2  58  44.36 

+  19    III  34.5 

+  0.10 

-1.8 

(  'ordoba 

.4.  ./.  730 

1917     Aug.  23.5606 

2(1  02    18.45 

-  IS    10   27.7 

-0.10 

-1.0 

(  'ordoba 

.1.  ./.  732 

\.ug.   26.5413 

20  00  55.31 

-18  19  00.8 

-0.11 

-1.0 

Cordoba 

.4.  ./.  732 

p8  on  (he  assumption  thai   the  observation  needs  cor- 
The    Nice  observation    was   taken    with   a    meridian  ,  rection  for  parallax. 
•ircle.      In  the  absence  of  any   note.   1   have  computed   |       The  following  residuals  were  computed. 

(O-C) 


Date 

G 

V.  Z. 

Before                                                                    After 

After 

A  a  cos  S                         y  d                          A  a  cos  <5 

A  8 

A  "  ces  3 

A  <5 

1910  Feb.    28 

1911  Feb.      1 

Feb.       s 

Feb.     9 

1917     Aug.   23 

Aug.  26 

i     7.0 
+  10.1 
+    9.7 
+   9.5 

-4.2 
+  1.9 
+  1.8 
r  1.8 

-0.4 

+  2.5 
+  9.2 
+  9.4 

+  0.5 

+  0.2 
+  3.1 
+  3.2 

+    7.9 

+   8.6 

•is  7 

-3.8 

+  1.1 
+  6.3 

The  representation  of  the  observation  Feb.  28,  1910     and  the  Berkeley  tables  of  perturbations  as  it  is  with 
is  as  good  before  solution  with   uncorrected  elements  I  v.    Zeipel's    corrected    elements    and    perturbations. 
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Alter  solution  it  is  highly  satisfactory.  This  is  inter- 
esting because  the  original  solution  referred  to  above, 
which   was   discarded    as   invalid,   gave   the   abnormal 

residuals.   I  (  )        (  ' ), 


Aa  cos  6 

+  ii'.;, 


So 
-20'.2 


This  rejected  solution  was  based  on  the  oppositions 
1849,  53,  55,  65,  67,  7:5.  79,  83,  a  distribution  in  the 
orbil  such  that 

v  =  140°  to  v  =  254° 

was  entirely  unrepresented.  The  corrections  to  the 
elements  were  larger  than  had  been  expected  in  view 
of  the  excellence  of  the  original  osculating  elements, 
and  the  foregoing  table  now  justifies  the  assertion  that 
the  solution  gave  fictitious  corrections. 

One  more  factor  may  have  entered  into  the  fictitious 
solution.  The  statement  is  made  by  v.  Zeipel  that 
the  long  period  terms  of  the  fourth  degree  in  no:  ma\ 
sometimes  reach  the  magnitude  3'.  It  is  not  impos- 
sible thai  the  oppositions  chosen  were  unfortunate  in 
this  respect. 


The  observations  1914,  1917  were  also  satisfactorily 
represented  and  (0  C)  is  smaller  in  the  (/  columns 
t  han  in  t  he  v.  Z  columns. 

It  would  be  better  lor  practical  purposes  in  the 
future  if  the  epoch  of  the  perturbations  and  the  ele- 
ments were  broughl  up  to  date,  for  the  interval  since 
the  epoch  has  already  reached  sixty-six  years  and  the 
Ion"'  period  terms  in  the  perturbations  are  considerable. 
If  this  were  done  I  think  an  improvement  would 
result  and  probably  the  somewhat  large  discrepancies 
in  the  residuals  for  neighboring  dates  would  disappear 

A    second     least     square    solution     might     also    lie     made, 

using  more  recent  observations.  Bui  these  extensions 
would  involve  a  considerable  amount  of  laborious 
calculation.-. 

All  the  more  important  parts  of  tin  computations 
have  been  repeated  ami  numerous  independent  checks 


have  been  applied  and  it  is  believe 
errors  remain  in  the  results. 

I  am  pleased  to  acknow  ledge  t  \\ 
tor  Perrink  in  allowing  me  the 
work  to  a  conclusion. 


I  that  no  significant 

•  kindness  of  I  tirec- 
time   to   bring   this 
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SUNSPOT   OBSERVATIONS, 

MADE    AT    BERWYN,    PENN.,    WITH    A    4j4-lN'eil    Hill;,-    rOE 

By  A.  W.  QUIMBY. 
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OBSERVATIONS       Continued.) 
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DEFINITIVE  ORBIT  OF  COMET  1786  II,  ERRATA, 

Bi    MARGARETTA   PALMER. 
l'.\   a  typographical  error  in  A.. J.  744.  pp.   102   101,      the  seven  normal  places  were  omitted.     Suc-h  horizon- 
the  lines  indicating  the  grouping  of  observations  to  form  I  tal  lines  should  have  been  drawn  below  the  following: 
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OBSERVATIONS  OF  VARIABLE  STARS, 

\U   WILLIAM   DOBERCK. 
(Continued  from  A.  J.,  723 


RS  Andromedce:  The  magnitudes  of  the  comparison 
stars  have  been  determined  in  steps  converted  into 
magnitudes  by  aid  of  H.C.  photometric  magnitudes: 
a  (A.S.V.6)  7.71,  b  (7)7.80,  c  (10)  8.18,  d  (22)  8.78, 
e(20)8.96.  a  and  b  belong  to  differenl  spectral  classes, 
which  increases  the  probable  error  of  their  diff?rence 
observed  in  steps.  </  appears  to  be  variable,  but  this 
is  not   certain  as  ii    is  unfavorably  situated  for  com- 


parison with  the  other  stars.  The  variable  star  is  red. 
The  value  of  the  step  is  0.112  mag.  The  following 
maxima  (7.8)  arc  indicated:  2420335?,  0730?,  L120?, 
L645,  and  1915,  and  the  minima  (8.9)   L580,  and  I860. 

The   period    is    very    irregular.     lis   average   length   is 

about  tOO  lays.  The  minima  preceded  I  lie  maxima 
by  alioui  so  days. 
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The  observations  are  being  continued. 

RS  Cygni:  The  magnitudes  of  the  comparison  stars 
have  been  determined  in  steps.  The  value  of  a  step 
is  0.11  mag.  By  aid  of  the  //.  C.  photometric  magni- 
tudes they  were  expressed  in  magnitudes:  a(A.S.V.  7.' 
7.11,  6(4)7.36,  c(9)7.71,  d\  10)7.00,  et  14)8.03,  /1 16)8.37, 
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1078 

b  2v3c 

7.5 

1473 

b  2v 

7.0 

0040 

h  2  b  3  d 

7.6 

1084 

a  4  r  5  / 

7.7 

1 502 

e   1  b 

8.2 

(grl5)8.46,  ft(25)9.16.     The  star  is  highly  colored  and 

the    variation    appears    to    l>e    subject     to    irregula  ri  I  ies. 

ddie  elements  ha\e  lieen  determined  from  the  obser- 
vations given  below  and  are  very  rough.  The  maxi- 
mum (7.2)  occurred  on  2421:501.  the  minimum  (8.3)  on 
2421573.     The  period  appears  to  be  aboul  4  16  days. 


1511  il  \  vZf  s.l 

1522  il  \  b3/  8.2 

1537  d3t;3/  8.2 

1540  v  1  V2f  8.2 

1558  v  =  e  8.0 

1568  d3t;3/  8.2 

1727  1  I  b  7.2 

1732  b  l/2  b  7.3 

17  11  B2b  7.1 

1760  b  1  v  7.5 

1777  a  1  y2b  7.2 

1787  v  =  b  7.4 

1820  b  2  b  7.0 

1828  b  2  b  7.0 

1843  b  1  b  7.5 

1864  b  2  /•  7.6 

1874  b2w2e  7.7 
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.V  Lyra:  The  magnitudes  of  the  comparison  stars 
were  determined  in  steps  ami  converted  into  magni- 
tudes by  comparison  with  5  photometric  H.C.O. 
magnitudes:  a(A.S.V.  11)7.39,  6(15)8.09,  ■  18)8.49, 
d8.67,  (  32)8.89,  f  31  i8.91,  ?9.07,  fc(38)9.25,  8  M))9.44. 
The  identity  of  d  has  been  lost,  g  is  19  7;i  50s, 
26   29'    L900  .     The  value  of  a  step  is  0.10  mag. 

During  the  past  4  years  there  lias  not  been  any 
mi  ire  variation  in  the  brightness  of  this  star  than  in 
other  stars,  that  are  nut  considered  variable.  From 
0342  in  0485  the  magnitude  was  8.93  from  11  observa- 
tions. 0653  —  08019.09  12).  0979  1206  9.03(12). 
1348  -  L565  8.95  (11).  L732  -  L880  8.82  ill)-.  The 
probable  error  of  one  comparison  is  exactly  a  step, 
ami  that  is  made  up  of  the  error  of  observation  ami 
change  of  brightness  of  the  star. 
0344     v  2 t  8.62  0679     c  5     3  i      8.57 

0357     v  =  e  .80  0696        I  .89 

0370     i  1  .85  0708     c 5 v  1  /       .74 

0377)     .  2  v  .98  0722     <  3  v  3  /      9.02 

0381     g  2vZ  I         0.11  0729     <   1  v  3  I       .06 

0387     i.  Lv3Z  s.oi  0746     -  1  v  3  </     8.85 

0430     i>2<  .02  07.13     y2g  .83 

0464     d  7.     2>2  /        .84  0770     v  1  <  .71 

O47o         3(  .53  07M       -    1   vS  I:        -OH 

0488     «■  5y4e  .53  0799     -  2  /  :;  g       .88 

0506     v  =  e  .80  1040    ./' 2  w3e        .82 

.01  1070     i  1  /■:>/,•       .90 

0664     -   1     3/.  .'■•()  1111     v\y2f         .72 

Vova   Aquila    (1918):    The   comparison   stars    - 
,/  aAquilce,  b  aUrsa  Majoris,  c,  aGpkiuchi,  <1  -qCphiuchi, 
e  yAquilce,   f   pOphiuchi,    g    rjSerpentis,  h    BAquilce,    /' 
9St   pent  , Aquila .    n    5A quila .     The 

R.  II.  I',  magnitudes  were  used  except  iii  case  of  h  4.1 1 1 
which  has  been  determined  from  5  comparisons  with 
id    ///.     The   month,    the   date,    ami    G.  M.  T.    are 
shown   in   t  he   following  table: 

VI      !:;■'   9h  10'"  ■   \y2a  0.7 

15  11     4  l  1.6 

L'5   1  1   32  2.1 

10   11     7  b  1  v  3  c  2.0 

22   12    L3  2/  2.0 

20    LI     3  2=1,  3.6 

VII       2  11  44  eiv  2  ;,  3.2 

3    12  30  2  g  3.2 

8  11  19  hlvl  ,/  3.-1 

9  in  7,0  v  =  h  :;.4 
10   10  55                  h  2/3/                      3.7 


S  Vulpeculce:  The  magnitudes  of  the  comparison 
stars  were  determined  in  steps  and  converted  into 
magnitudes  by  comparison  with  photometric  //.  C.  0. 
magnitudes:  a  (A.S.V.  9)  7. si.  &(10)7.87,  c(12)8.19, 
d\  14)8.41,  e(29)8.80,  <  28)8  85,  g(35  9.01,  h  38  9.06, 
H  50  9.19,  I  17.  9.25,  i  52)9.70.  The  value  of  a  step 
is  0.09  mag. 

The  maximum  8.60  occurred  about  2421432.  and 
the  minimum  (9.01)  about  2421470.  The  minimum  is 
better  defined  than  the  maximum.  The  period  is 
67.58  days. 

Chandlek  in  his  third  catalogue  gives  the  formula 

for  the   maximum:    2402239  +  67.5E.     {M  -  m   26.5 

days  i.      This  formula  gives  the  epoch  of  maximum  at 

m  only  3  we.  ks  too  early,  and  the  minimum  only 

7.  weeks  too  early. 

1113     r  =,e  8.80  1300     d 4  v  3  i        8.63 

1133     v  =  h  9.06  1746     e  2  v  2  k      9.00 

1158     vZe  8.53  1700     ;  1  .  8.71 

1201     .   Vy2v2k       .93  1707        2/  .67 

1348     »2/  .67  1777  .58 

1384         .  .02  17S4  .53 

L388    f2v2e  .82  L815     eZv^g       .98 

1420     v  2e  .62  L824     e  1  r  .89 

1  17.7     <  2  /  4  g  .87  1838     w  2e  .62 

1473     v  1  (  .71  1^44     v  1  e  .71 

17,04     r  2  ,  .02  1864      v  I1 2  e  .07 

1511     d2vZf  .59  1874     ,  2/  1/         .84 

1530     e  5  r  3  A         0.04  1879    /2  /  1  /        0.12 

12  10  is  I,  zy2v  1  I  l.ii 
18  12  12  /  2  r  3  /  3.7 
20     0  7,0                  h  3  v  2  /                      3.8 

VIII       9   1111  .  r  1  /  4.0 

13  10    14  /  2  ,  3  ,„  4.5 

14  1 1     3  /3  y  4  m  4.5 

24  in     7,  fc3  y  3  w  4.8 
IX        1      0    is                  v  \y2  in                      4.8 

2   10  50  v  1  m  4.9 

6  0   18  v  1  m  4.9 

7  10  22  /  3  v  4  m  1.7) 

8  9     o  13  v  4  iu  1.7. 
10     S   29                   /  4  v  3  m                      4.6 

25  7  20  r2  in  4.7 
28     0    10                 ///  2  v  5  n  7,. 2 

X       3     7  44  w  1 J  2  <  5.3 

6     8    3  v  =  w  5.0 

8     8  20  m  1  t)  5.2 
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THE  LIMITING  PARALLELS  OF  LATITUDE  FOE  OCCULTATIONS  OF  FIXED 

STARS  BY  THE  MOON, 

By  W    AUHAGEN. 


It  is  my  opinion,  based  upon  practical  experience, 
thai  the  determination  of  these  limiting  parallels  of 
latitude  should  take  into  account  the  oblateness  and 
revolution  of  the  Earth  rather  than  neglect  both  fac- 
tors as  is  usually  done,  apparently  for  no  other  reason 
than  thai  the  formulae  thus  obtained  are  extremely 
simple.  The  rigorous  solution  of  the  problem,  as 
attempted  in  the  following  pages,  naturally  cannot 
lead  to  such  simple  results,  yet  it  must  be  admitted 
that  by  arranging  suitable  tallies  (which  is  very  well 
possible)  the  numerical  work  may  be  performed 
rapidly.  It  is  well  also  to  convince  oneself,  how  far 
the  assumption  of  a  purely  spherical  Earth  without 
revolution  about  its  polar  axis  deviates  from  the 
truth  as  regards  these  limiting  parallels,  whereby  the 
investigation  of  the  true  status  gains  from  a  mathe- 
matical standpoint. 

According  to  Bessei.'s  "Analyse  du  Finsternipe" 
all  eclipse  problems  are  reducible  to  their  simplest 
form  by  adopting  a  system  of  coordinate  axes,  origin 
at  the  centei  of  the  Earth,  in  which  a  line  parallel  to 
the  shadow  axis  is  the  axi<  of  Z,  while  the  y  Z  plane 
passes  through  the  polar  axis.  The  coordinates  of  a 
place  of  observation  then  are: 


t    =    p  COS  v"        Sill   l/u 

r)  =  p  (sin  <p'  cos  o   - 


a) 


cos  tp1  sill  o  cos  (/.<    - 
j>  =  p  (sin  c'  sin  o  +  cos  <p'  cos  8     cm 


a)) 

-  a)  ) 


\\  e  are  here  concerned  with  the  places  which  are 
situated  along-  the  northern  and  southern  limiting 
shadow  curves  which  the  cylindrical  shadow  cast  by 
the  Moult  under  the  stellar  light  intercept-  on  tie 
spheroidal  surface  of  the  Earth  while  passing  over 
the  latter.  At  all  these  place-  bu1  a  simple  contact 
may  he  observed,  the  Moon  passing  either  wholly 
south  of  the  -tar  (northern  limit!  or  wholly  north  of 
the  star  (southern  limit)  and  the  distance  of  these 
places  from  the  shadow    mm-  has  the  minimum  value 


equal    to    /,     or    the    radius    of    the    Moon     expressed     in 

units  of  the  equatoreal  radius  of  the  Earth.     Let   this 
distance  be  A  =   \  {x  ~  $)'2  +  (y  —  v)~-  then 

U   -   $)   (x<   -    {')    +   (//   -    ,)   (yi   -    y,')    =   0 


dA 

a  T 


where  x  =  Xo  +  •'''  r,  y  =  t/o  +  Ti  "  t  are  tin-  co- 
ordinates of  the  Moon  for  the  time  '/'  =  To  +  r, 
,r  .  //',  £',  /;'  the  variations  of  these  coordinates  and 
those   of   the    place   of   observation    respectively    in    a 

unit   of  t  ime,  we  get 


win 


-  v[(xo  ~  I)  ('''  - 

-  i    =   cr  (//'   -   r)') 

v  =  1  :*'(*'  -  £') 
<r  =  v[(x„  - 


+  (2/o         17) 

—    77    =    (J   I.C 


! I    -  V 
-  £') 


1-  .'/'(// 
(2/o  - 


-  n  ) 
n)x'\ 


Putting 


.'/' 


n  sin  .V 

//  cos  N 


=  n'  sili  X' 

=    n '  cos  X ' 


(2) 


we  evidently  gel  the  Following  condition  for  the  points 
along  the  northern  or  southern  shadow  curve,  accord- 
ing as  the  upper  or  lower  sign  is  taken,  viz.: 


£  cos  N  -+-  i]  sin  A'  = 


Co  cos  V  +  //.,    .-in  A 
/,  co-     \         V)  (3) 


The  usual  neglect  of  t  he  tact  or  of  =*=k,  viz.:   cos(iV '-    \ 
is  evidently  equivalenl    to  neglecting  the  apparent   or 
relal  ive  mol  ion  x'        £'  and  y'  —  rj'. 

In  the  plane  x  y  we  assume  another  system  of  rect- 
:i  ngular  axe-  h.  f.  so  tl 


b  =  £  sin  X  +  r)  cos  N ;  c  = 


A'  +  r,sin.V       (4) 


Let   li   the  geocentric  angular  distance  of  the  place  of 

(33) 
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observation  from  the  star.  //  its  position  angle  at  the 
star  with  regard  to  the  declination  circle  of  the  latter, 

t  hen 

b  =  p  sin  //  cos  (_Y  —  H)  =  p  sin  p  cos  v 

C  =  p  sin  //  sin  (N  —  H)  =  p  cos  p 

f  =  p  cos  //  =  p  sin  p  sill  ;■ 

where  p.  the  angular  distance  of  the  place  of  observation 
from  the  point  where  the  axis  of  c  meets  the  sphere, 
ami  v  the  angle  which  the  plane  of  the  great  circle, 
along  which  this  distance  is  measured,  makes  with 
the  plane  x  y.     Comparing  (4)  and  (5)  with  (3)  we  get: 

c  =  p  cos  p  =  —.Tn  cos  N  +  ?/o  sin  Ar  ±  I-  cos  (.V  —  Ar') 
(6)  =  Co  =•=  A:  cos  (A  -  A') 

Mine  we  are  concerned  with  the  latitudes  of  the  places 
along  the  limiting  shadow  curves,  we  derive  from  (1) 


p  sin  if'  =  vl    —  e'  ■  sin  v"i  =  v  '  cos  5  +  j"    sin  6 

where  <^i  is  the  latitude  of  the  place  on  the  sphere  con 

Vl  —  e2  •  sin  ^i  =  vl  — 
hence: 


centrically  circumscribes  about  the  spheroid  where  a 
line  parallel  to  the  polar  axis  of  the  latter  meets  the 
sphere  if  drawn  from  the  point  f.  ?;  f  on  the  spheroid. 
This  is  equivalent  to  assuming  p  cos  id    =  cos  <p\.      We 

have  from  (4)  ami     5 

7)  =  p  sin  p  cos  v    cos  .V  —  p  cos  p  sin  .V 
Since      c  =  p  cos  p  we  have 

p  sin  p  =  Vp2  —  p2  cos2  p  =  vV2  —  c-  ; 
but        p2  =  1  —  ea  sin"  s?,  hence 


in  p 


=  vT 


<-  sur  v- 


(7) 


Let 


sin  6  =  cos  (3  sin  X.   cos  o  cos  N  =  cos  p1  cos  X. 

cos  6  sin  N  =  sin  p'  (8) 

and   we    have,   substituting  the   values   of   y   and   f   in 
terms  of  pjii1: 


Sill    (pi     = 


—  e2  sin  <pi  ■  cos  /3  cos  [y  —  X)  —  i 
\/l  —  c1'  ■  sin  ft  =±=  cos  p1  cos  (»  —  X)  \/(l  —  c2)  fl  —  c2  +  e2  cos5  /3  cos2  (v 


sin|8 

X)  —  c?  e2  sin2 


(9) 
(9a) 


1 


Since  subsequently  the  special  value  of  sin  <px  is  wanted 
for  v  =  X  or  v  =  X  ±  180°.  we  state  it  here,  r/:.: 


(  L0)  sin  <fi  = 


For  v  =  X,  X  ±  180 

c  V^l  —  e2  ■  sin  13  =■=  cos  ff  \/l  —  c2  —  e'1  sin2  /? 
1  —   e2  sin2 ft 

It  is  to  be  noted  that  sin  <pi  is  here  made  to  depend 
upon  the  two  variables  c  and  v\  but  c  depending  upon 
cos  (A7  A"';  varies  with  AT'  or  J'  and  r\ ',  because  A" 
musi  be  considered  as  immediately  available  from  the 
motion  of  the  Moon,  at  least  can  always  be  obtained 
by  successive  approximation  if  extreme  accuracy  be 
required;  we  have  to  deal  with  c  as  a  datum  of  the 
problem  the  value  of  which  we  approach  by  degrees. 
I  'mm   i  I  )   we  now  have 


£'  =  m'(  —  7?  sin  5  +  f  cos  5), 


■i]    =  m  f  sm 


(11) 


=  m'[n  (cos  o  sin  i/  —  sin  6  cos  JV     cos  c) 
—  c  ■  sin  6  sin  .VI 


( ■'■'  cos-  i3  cos2  (p  —  X) 

?j'  =  w'[k  ■  sin  5  ■  sin  A7  cos  v  —  r  •  sin  8  ■  cos  A'J 

where  m'  the  change  of  the  sidereal  time  in  the  unit 
of  time  lone  hour  of  mean  time,  say).  It  is  plainly 
visible,  that  although  according  to  (5)  c  does  not 
depend  upon  v,  yet  this  variable  is  involved  in  c  and 
d  c  :  '/  v  must  be  taken  care  of  in  the  expression  of 


(I  sin  (pt 
cTv 


=  0 


which  is  required  to  determine  the  maxima  and  minima 
of  v-i.      Putting,  for  short, 

cos  (3  :  vl  —  e-  =  </i  ,  and     sin  j3  :  \/l  —  e-  =  g% 


and  also  replacing  \/l  —  &  —  e2sin2^>i  by  its  symbol 
k  whenever  it  reappears  after  being  operated  upon,  we 
get   from  (9),  (9a  being  unmanageable) 


^i      d  sin  ipj 


dv 


(</,  cos  (c   -  X)    -   Oo         <>> 


dc 

dv 
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whence  solving  for  d  sin  v-,  :  d  v   .   we  gel 
d  sin  ipx 


+  i7ie*8inVlcoS(,-X)  ["  !"  "J  S1"     ("  -  X)  -  (f/l  C0S  ("  -  X>  ~  »>  •  «)jn] 


but 

hence,  putting  for  shorl 

/  = 


d  c 
da 


!/i 


dc       ./A" 


undN' 


k  +  3,  e2  sin  <pi  cos  (v  —  X) 


,  Vf7     -j —  =  ±  fc  sin      i  A    -     JV')     ; 
d  A         r/ 1- 


j/l  COS  (y   -    A  I    -    il,i', 


(12) 


/,      /.■ 


we  gel 

(13) 
si 
d  v 

From  (11)  we  obtain 


d  sin  wj       ,    .,    .     .  ,         ,  . 

—  =  I  k2  sin  (y  -  X)  +  k  ■  m    sin  ( JV 


a  v 


k  +  </[  e2  sin  <p\  cos  (c  —  X) 
We  must  now  develop  dN'-.dv.     We  have  at  on< 


(14) 


n'  d  JV' 
dv 


cos  A     ,s  +  sm  AT'    -~ 

dv  d  v 


d  £'  ,  T  dv3  d  VI 

-V-  =  m  \p  ■  k.  +  px  ^ sm  5  sin  A     /,'  sin  (A  -  A"')  ■  -^— 

dv  \_  d  v  d  v  J 


d7  =  '"  [_9 


dv\ 
q  ■  k  +  qi-z sm  5  ■  cos  JV  •  k  ■  sin  (JV  —  JV')  - 


dv 


'    dv  \ 


where 


p    =  cos  8  cos  v  +  sin  5  cos  A'    sin  y 
Pi  =  cos  5  sin  v  —  sin  5  cos  JV    cos  y 


—  sin  5  sin  A'  sin  v 
sin  o  sin  A"  cos  v 


(15) 


(16) 


But 

d  k,  e2  sin  ipi    d  sin  <pj 


dv 


Asm  (A7  -  A') 


dN' 
d  v 


in  which  we  h;ive  to  substitute  the  value  of  d  sin  ^,  :  d  c 
from  (13);  then  we  must  substitute  d  k  :  d  v  in  (15) 
and  with  the  values  obtained  for  d  £'  :  d  v  and  d  r\    :  d  v 


we  have  to  solve  (14)  for  d  N'  :dv.  However,  since 
the  resulting  expression  contains  te/ms  in  sin2  (Ar  -  .V) 

and  e2  sin  (N  —  A"')  which  are  very  small  because 
sin  (JV  —  JV')  is  small  (assumably  of  the  first  order  of 
magnitude)  they  are  here  neglected,  as  the  nature  of 
the  problem  does  not  strictly  warrant  their  considera- 
tion.    Thus  we  get 


d  N' 

dv 


k-  •  mx  (p  cos  N'  —  q  sin  A'') 


k    n'  —  c  in'  I:  sin  i  A'  -  A'')  i  p,  cos  A"  —  cji  sin  JV') 
and   with   this  from    (13)    equated   to   zero,    after   the  restoration  of  the  values  of  I  and  m,  we  gel 

>'i'  k  sin  (A  -  Ar/)  ■  (p  cos  A'  -  q  sin  A  '-  (cos  (y  —  X)  —  n  tg  (3) 


~m  (y  —  X) 


c  ///'  /,■  sili  i  A'  -  JV')  (/>,  cos  A''  —  5!  sin  A7') 


(17) 


(18) 


This  expression  is  rigorous  as  far  as  the  first  power  of 
sin  (iV  —  JV')  is  concerned  which,  in  practice,  ;s  all 
thai  is  necessary.  But  since  the  terms  p  q  pi  q\  are 
multiplied  in  the  small  factor  sin  (A'  —  JV')  it  will  be 
not    onlv    convenient    but    s>ill    within    the    limits    of 


accuracy    to   assume    in    these   terms    .V  =  JV;     then, 
according  to    8) 

ens  o  COS  JV'    =    COS  8  COS  A    .    -in  5    =    COS  /S  sill  A 

hence 
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p  cos  N'  -  q   sin  N  =  ens  5  cos  N'  cos  v 

cos:  {v  —  X)   =   1   —  sin2 

r    -    XI 

+  -in  8  cos  i  A*  —  A")  sin  v  =  cos  0  cos    v 

-  X) 

and  considering  thai 

/y,  cos  A'1    —   (/i  sill  A  '    =    cos  0  COS  A  '  sin    i 

—  sin  5  cos  {N  —  .V)  cos  v  =  ens  0  sin  ir  - 

-  X) 

sin  I  A'  —  N'  i     sin2  {v 
mi  account   of  v  being  very   nearly 

-   X)    . 

=  X  or  x  4-  imi  . 

and     L8)  becomes,  putting  in  the  numerator 

becomes  a  negligible  quantity: 

(19) 


-in  1 1'  —  X)   = 


///  ens  0  -  /■•  sin  (X  -  A")  [1  -  k  tg  0  ■  cos  (v  -  X) 
k  ■  n'  —  c  cos  0     m'  fc  sin  (A'  —  N')     sin  (i>  —  X) 


This  nivc-  as  a  first  approximation  putting  on  the 
right  hand  side  v  =  X. 

sin  (v  -  X)  =       !  ''"-o    '.    sin(N-N')  [1-k  tg  0] 

which  becomes  known  when  «  and  sin  (X  —  X') 
become  known.  These,  too,  require  the  process  of 
successive  approximation.  We  put  first  c  =  <„  +  k, 
with  which  from  (10)  we  gel  a  first  approximation  of 
sin  (pi;    c  and  this  value  of  sin  ci  give 


20 


=  vr^ 


,     -in  p,    (always   >0j 


and    we    can    now    compute    £'    and    ij'    by    (11).    hence 
shall  know  the  value  of  sin     \  \     .  with  which  I  L9) 

will  give  an  improved  value  of  v  and  (9a)  an  improved 
.  line  of  sin  v-,.  We  can  now  compute  more  accurately 
c  =  c0  +  /.cos  (N  -A")  etc.,  etc.  When  p,  has  been  com- 
puted until  no  sensible  change  is  produced  by  a  fur- 
ther attempt  of  successive  approximation,  we  may 
compute  £,  ij  and  f  by  f  =  b  sin  A  —  C  cos  A  ,  ?/  = 
6  COS  A"  +  C  sin  A"  where  b  and  c  are  now  known  from 
5  i,  besides  f. 

The  point  of  intersection  of  the  limiting  parallel 
of  latitude  and  of  fchi  limiting  shadow  curve  will  then 
be  given  by  • 


(21  :    COS  (9,      -ill    <T  +  - 
COS  v"       cos  {T  +  T 


<*)=.£ 

a!    =  —  ?;  sin  6  +  v   COf  S 


where  T  +  t  is  the  angular  value  of  the  sidereal  time 
T  -f-  r  and  oi  the  west  longitude  of  the  required  point 
from  t  he  prime  meridian. 

It  will  have  been  noticed  that  we  obtain  by  the 
previous  process  two  values  of  <p\,  lml  it  is  obvious 
that  only  that  will  be  admissible  which  gives 

COS  :     :    -iti  ip  sin  o  +  cos  tp  COS  5  cos  (fi  —  a) 

a  positive  quantity,  the  other  indicates  a  point  on  the 
i  he   Earth  he  inters)  c-1  ion  ■ 


generatrix  of  the  cylindrical  shadow  after  its  traversion 
of  the  Earth'  body,  and.  of  course,  here  the  occultation 
remains  invisible.  But  we  may  restrict  the  double 
sign  of  (10),  upon  which  the  successive  approximation. 
to  be  followed  up,  depend,  still  further.  We  have  in 
general,  introducing  the  geographical  latitude  <p  instead 
of  the  geocentric  tp'  and  putting  1  :  V '1  —  e5  sin2  <p  = 
p  ci  i-  ip'  :  COS  tp  : 

f  :  p  =  sin  ^    sinj<  =  (cos  tp'  :  cos  <p)   [cos  z  —  e2  sin  8  sin  tp] 

hence  for  the  cosine  of  the  zenith  distance  of  the  star: 

cos  :        (cos  ip  :  cos  ip'),  sin  n  ■  v  +  e2  sin  o  sin  ip    (22) 

which  for  v  =  X  or  v  =  X  ±  I80c  becomes 

cos  :   =    ±  (cos  <p  :  cos  <p')  sin  ^  sin  X  +  e2  sin  6  sin  v- 

iir  eliminating  sin  X  (from  8),  viz.:  sin  X  =  sin  6  :  cos  0 
cos  :  =  sin  o  [  =*=  (cos  v-  :  cos  tp')  (sin  ^  :  cos  0)  +  e2  sin  <p] 
Since  sin  m  :  cos  (3  can  always  lie  determined  a  positive 
quantity,    we  have,   disregarding  for  the   present,   the 

small  term  in  <-': 


cos  :  >  o  tor  S  >  o  and  r 

cos  z  >  n  for  o  <  o  and  i- 

COS   :    ■      0  for  <">    >   0  and  r 

cos  :   >  a  for  5   <  0  a  ml  ." 


The  visibility  of  the  occultation  requires  cos  2  >o 
hence  (c)  and  (d)  are  not  admissible.  We  conclude 
that  in  (10)  and  subsequently  in  the  general  expres- 
sion (9a)  we  must  take  the  upper  sign  for  o  >  0,  and 
the  lower  sign  for  8  <  o.  This  rule,  however,  musl 
be  reversed  if.  in  the  above  expression  for  cos  z,  the 
absolute  value  of  e2  sin  <p  is  greater  than  the  lirst  term 
in  the  bracket,  and  its  sign  is  the  reverse  of  that  ot 
tin-  term. 

The  previous  investigation  settles  the  question  as  to 
the  mo-t  northerly  or  southerly  limiting  parallel. 
according  as  k  is  used  with  the  positive  or  negative 
sign.     But     when    either    one    has    been    determined 


X 

X  ±  180 

(6) 

X  ±  180 

(c) 

X 

,/ 
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there  remains  yet  the  limiting  parallel  of  the  other 
limiting  shadow  curve  to  be  determined.  There  we 
have  the  two  points  at  which  the  star  is  seen  in  the 
horizon  while  the  points  are  al  their  leasl  distance 
from  the  shadow  axis.  Since  now  cos:  =  o,  we  gel 
from  (22) 

p  •  sin  m  sin  v  =  h  sin  v  =   --  <    sin  5  tg  c    p  cos  <p 

or  since. 

tg  y-  =  tg  <p\\  \/\  —  e"     .     ,,  cos  <p'  =  cos  v', 

we  have 


(23)      i'  =  k  sin  >/  =    —  {<-  :  \    1        e2)     sin  <>  sin  V", 
If  we  substitute  this  value  of  f  in 


P  sin  v- 


VI 


we  gel 


Let 


l        ,    cos    5 
\    I 


sin  v'i    -   ij  co 


/),  sin  /),   =  sin  5  ,  ,>,  cos  6i  =  \/  1  cos  i 

.■./),'■'  =  1   —  e2  cos5  5 
and  w  e  gel 

sin  V"i  =  (cos  5 1  :  pi)     ij 

or  substituting  the  previously  obtained  value  of  -q  in 
terms  of  p  p.  "  and  N: 

sin  ^5]    =   (cos  o,  :  pi)  \k     cos  v  cos  ,V  +  r  sin  N]      (24) 


Sill   y"!    = 


sin  <pi   =  >;  cos  o  +  f  sm  5 
i   p    cos  5,  sin  .V  ±  cos  Si  cos  A"  cos  c\/(l 


[f  here  we  restore  the  value  of  k  =  v' 1   —  c2  —  e2  sin" 
a  ml  solve  for  sin  >.-,.  we  have 


r" i  i .,., "    |    e2  cos2  8    cos2  N  cos2  i> i       c2  e2  sin2  A 


Pi?  +  e2  cos"  5]  cos-  A"  cos"  v 
which  combined  with  (23),  solved  for  sin  v,  viz.: 

sin  b  sin  ipi 


(25) 


(25) 


\  i  -  7-    \  i 


c-  —  e-  smi  ift 


establishes   the   complete   solution   of   the   problem   of 
determining  the  second  limit  ins  parallel. 

From  (2.">)  it  is  seen  thai  v  is  in  the  vicinity  of 
0°  or  180°.  If  we  use  either  value  of  v  as  an  initial 
value,  we  get  with  adopting  first  c  =  <•„  ±  k  an  initial 


value  of  y"i.  with  which  we  may  either  recompute  (25) 
or  proceed  first  to  improve  c  as  in  the  former  limiting 
parallel.     It    will   be  easy    and   therefore   needless,   to 

make    lint  her    statements    as    to    the    grouping    of    the 

values  of  <p\,  derived  from  (9a)  and  from  (25)  so  as  to 
obtain  the  actual  limiting  parallels  between  which,  on 
the  spheroidal  surface  of  the  Earth,  the  occult  at  ion 
maj  lie  observed.  In  (25)  cos  <";,  cos  A"  >  (I  if 
N  is  so  determined  that    -90     ■      V   <   +  90°. 

Broderick,   Cdl  .  January,   1919. 


A   NEW   VARIABLE   STAE 

By  E.  E.  BARNARD. 

I  have  found  on  my  photographs  with  the  Bruce  tel- 
escope what  is  either  a  variable  star  with  a  greal  range 
of  light  and  an  extremely  long  period,  or  a  queer  kind 
df  nova.     Its  closely  approximate  position  is: 

IS.').-). (I     a  17h  Ml'"  44-     5-  1  1°  .V;'.  1 

L900.0  17  34  14  -  1  1  55.  2 
Professor  S.  I.  Bailey  of  i  he  Harvard  <  !ollege  <  >bserv- 
atorj  kindly  informs  me' thai  it  is  not  a  known  var- 
iable star  and  that  .Miss  Leavitt  has  looked  it  upon 
the  Harvard  photographs  and  finds  that  the  first  photo- 
graph to  show  it  was  made  on  July  0,  1909,  when 
l!-  estimated  magnitude  was  13.9,  and  that  it  is  record- 
ed mii  eighteen  plate-  between  March  21,  1910,  and 
June  13,  1918  li  is  not  shown  on  any  Harvard  plates 
previous  to  L909  as  far  back  a-  I  so  I . 


My  own  plates  show  n  with  little  change  since  May 
1.  1911,  to  February  9,  1919,  while  plates  from  March 
6,  !905,toJuly  19,  1895,  do  nol  shown.  Someofthese 
plates  show  stars  perhaps  us  faint  as  Kith  magnitude. 
li  i-  noi  on  the  following  Wolf-Palisa  charts: 


No.  131 
No.  1  is 


1904  June    13         Exposure  3      0 

1005  June  _'s         Exposure  '_'     14 


Professor  Bailey  informs  me  that  its  magnitude  on 
my  photograph  of  July  5,  101.-),  with  2h  46™  exposure 
i-  approximately   10.5. 

1  have  not  yet  looked  for  the  star  visually. 

Yerkes  Observatory,  Williams  Bay,  Wisconsin. 

1919,  luh, nary  28. 
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ELEMENTS  AND   EPHEMERIS   OF    1915    YJ, 

By   ERNEST   CLARE   BOWER. 
Communicated  by   Rear  Admiral  T.  B.  Howahd,   U.S.  Navy,  Superintended    U.S.   Naval  Observatory.] 


Wl.'i  YJ  was  discovered  photographically  1915 
Feb.  18  by  Mr.  <!■  H.  Peters  at  Washington.  The 
(inly  observations  available  an-  three  by  Mr.  Peters 
with  a  twin  LO-inch  triplet,  first  published  in  .1.  ./.  '29. 


61.  The  plates  have  been  remeasured  by  hint  and 
reduced  by  the  writer  by  the  method  of  Wilson  and 
Gingrich,  Goorlsell  Obs.  Pub.  No.  5. 


1915  <:.   M.  'I'- 

Astrographic 
a  (1900.0)          o  (1! .0 

Images 

Comparison  Stars 
Astr.  Tout 

Remarks 

P.P 

P*P 

Residuals 
from  orbit 
cos  a     A/ 
Aa 

ll)  Feb.   18.71528 
f_>)  F,-l,.    19.69382 
(3)  Mar.    9.65521 

1  19   L5   11  3 

i  m    i  54. s 

1  15    17    !-"»  1 

|-9   10  54.0 
+9  13  30.3 
4-9  58  21.3 

poor 
poor 
poor 

0.7 
0.7 
1.5 

+9.09  5$,  24,  30,  32,  33,  35,  79,  80 

i-'.UKt  :,C,  24.  30,  32.  33,  35,  79,  SO 
+9.09  40   43.  45,  46.  53,  57,  72,  77 
78,  87,  97 

Near  plate  edge 
Near  plate  edge 
Near  plate  edge 

9.059m 

9.956d 
7.783 

0.638 
0.638 
0.627 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

"Astrographic,"  as  in  the  Greenwich  Observations, 
denotes  the  position  of  an  object  derived  by  using  in 
the  reduction  the  mean  places  of  comparison  stars  at 
the  beginning  of  the  year. 

The  orbit,  dervied  by  Letjschnes's  method.  Lick 
Pub.  7,  yields  the  above  residuals.  It  is  to  be  noted 
that  no  theoretical  difficulty  was  experienced,  in  spite 
of  the  very  unequal  intervals.  By  using  the  same 
group  of  stars,  errors  in  the  star  places  have  no  relative 
:ffed  on  1 1 )  and  (2). 

Elements  and  Constants  for  Equator 
Epoch    =  1915  Apr.  11.5     G.  M.  T. 

M  =  120°. 82933  ma  =  12.0 

M  =      0°.2053444  g  =    8.4 

log  a   =   0.454148 
e  =  0.331165 
i  =     11°    0'  29". 5  j 
51  =  317      2     8  .6     1900.0 
w  =    51   41   23   .2) 

x  =  ,[9.996291]  sin  199°  15'21".l  +  I'll 

y  =  ,[9.931897]  sin  (  4   41  11   .3  +  D     1900.0 

z  =  r[9.728292]  sin  (21    13   15  .3  +  I'll 


1913   Ephemeris    9m.8) 


G.  M.T. 

1H13 

Sepl  .      8.5 

is.;, 

28.5 

Oct.      8.5 

IS. 5 

28.5 


No\ 


Dec. 


17.5 

27.5 

7.5 


I  53 
1  53, 
l  19 
1  42 
I  33 
1  2  1 
1  17 
1  13 
I  L3 
1    17 


+  28  16 
+  30  7 
+  31  32 
+  32  20 
12  31 

I  32  5 
+  31    10 

I- 30  1 
+  28  50 

:  27  48 


1 1 1 
85 
is 
11 

~26 
55 
69 
71 
62 


log  r) 

log  ." 

(0.280) 
0.024 

0.000 
9.994 
9.990 
9.996 
0.010 
0.033 
0.061 
(0.307) 


(4.  M.T. 


.Jan. 


Feb. 


Mar. 


Apr. 


G.M.T. 


1.5 

10 

30.2 

11.5 

10 

26.5 

21.5 

10 

20.7 

31.5 

10 

13.1 

10.5 

10 

4.5 

20.5 

9 

55.4 

2.5 

9 

46.7 

12.5 

9 

39.1 

22.5 

9 

33.3 

1.5 

9 

29.4 

1915  Ephemeris  (12m.9) 


3.7 
5.8 
7.6 
8.6 
9.1 


+  85 

4 

+   8  11 

b 

+   8  27 

lb 

+    S  49 

22 

+   9   15 

2b 

+   9  41 

26 

+  10     5 
+  10  22 

24 
17 

+  10  31 

9 

(log  r) 

log  p 

(0.515) 
0.403 
0.391 
0.383 
0.380 
0.382 
0.390 
0.403 
0.420 

i0.542) 


7.6 

5.8 
3.9 


1916  Ephemeris  (13'". 5) 


5.1 
6.6 

7.8 
8.2 
7.9 
7.1 
5.8 
4.2 
2.3 


It  is  greatly  desired  that  plates  a!  other  observatories 
he  searched,  especially  those  in  the  discovery  opposi- 
tion, 1915.  II'  images  are  found,  please  communicate 
with  this  observatory. 

The  above  i<  volunteer  work  and  is  unchecked. 

r.  N.  \,ir,,l  Observatory,  Washington,  I).  ''.,  1919,  ./'"..  •■'. 


Feb. 

25.5 

13 

7.1 

Mar. 

0.5 

13 

2.0 

10.5 

12 

55.4 

26.5 

12 

47.0 

Apr. 

5.5 

12 

39.4 

15.5 

12 

31.5 

25.:, 

12 

2  1 . 1 

May 

5.5 

12 

18.6 

15.5 

12 

14.4 

25.5 

12 

12.1 

0 1900 

(log  r) 
log  p 

-19    17 

(0.578) 

-19  22 

0.469 

-  19    14 

8 

0.457 

-18  50 
-18   15 

24 

35 

0.449 

0.445 

-17  32 

43 

0.44b 

-16  43 

10 

0.452 

—  15   55 
-15   10 

48 
45 

0.401 
0.474 

-14   33 

.1 1 

(0.572) 
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MEASURES   OF   DOUBLE    STARS. 

\l  Mil      WITH    THE     10^    INCH    REFBACTOH    OF    THE    DNIVERSIT1     OI     MINN]     01 

Hv    F.    I'.    LEAVENWORTH. 

Most  of  the  stars  in  this  list  are  well  known  binaries.  second  list  was  diffioull  to  measure  and  the  accidental 
In  addition  arc  stars  of  recent  discovery  from  a  list  error  large  on  account  of  their  faintness.  The  star- 
kindly    furnished    by    Prof.    Eric    Doolittle.      The      places  are  for  L880. 


479  C 

2  20 

II1'  4S'" 

+  18° 

32' 

1127 

2  305 

'_"'  4  1 "' 

+  18° 

52' 

18.049 
18.052 
19.052 
19.071 

302.1 
302.4 

300.3 
298.0 

0.59 

0.52 
0.42 
0.56 

6.0 
6.0 
6.5" 

6.0 

7.0 
7.5 
7.5 
7.0 

600 

600 
400 
400 

18.041 
L8.049 
18.052 

Is. oiio 

315.3 
316.1 
316.5 
314.2 

3.26 
3.25 
3.16 
3.08 

7.0 

7.0 
7.0 

7.7 

7.S 
7.S 

400 
400 
600 
400 

18.05 

302.2 

0.56 

6.0 

7.2 

2 

IS. 077 

315.7 

3.09 

300 

19.06 

299.2 

0.49 

6.2 

7.2 

2 

19.052 
19.068 

315.2 
315.6 

3.13 
3.13 

7.2 

7.0 

S.ll 

7.s 

100 
400 

482  2 

73  0h 

48m   + 

22  59 

19.071 

316.1 

3.15 

6.7 

7.5 

Kill 

18.041 

42.6 
44.4 

0.90 
0.73 

6.0 
6.0 

6.4 
6.3 

400 
400 

19.073 

313.4 

3.20 

7.0 

7.8 

400 

18.049 

18.06 

315.6 

3.17 

7.0 

7.5 

5 

18.052 

44.2 

0.78 

6.0 

6.2 

600 

19.06 

315.1 

3.15 

7.0 

7.s 

4 

18.088 

45.0 

0.98 

6.0 

6.3 

400 

19.052 

47.2 

0.62 

6.3 

6.0 

400 

19.071 

48.2 

(1.74 

6.2 

6.0 

400 

1512 

2  333 

2h  52"' 

+  20° 

52' 

19.079 

45.8 
44.0 

0.84 
0.85 

400 

14.920 
15.972 

201.3 
203.0 

1.54 
1.44 

5.5 
6.0 

6.2 
6.5 

400 

18.06 

6.0 

6.3 

4 

(1) 

600 

19.07 

47.1 

0.73 

6.2 

6.0 

3 

18.038 
18.041 

202.9 
201.0 

1.46 
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10.0 
8.2  10.2 
8.0   10.3 


400 
100 
600 


103.6 


1.35   8.1   10.2   3 


10011  02  43." 
210.2    0.61 
215.7    0.48 


21h  15'"   +2°  23' 
8.0    8.3      400 
7.8    8.3      400 


213.0 


0.54 


8.3 


...  Espin  520  21h  34'"   +27°  54' 

35.5    0.09  9.5   10.0      400 

36.7    0.90  10.2   11.0      300 

37.0    7.21  9.5    9.8      300 


36.6 


0.95   9.7    10.3   3 


1124(5  2  2S25     21h  41'"      +0:  18' 
114.0         0.87       8.0         8.8  000 

111.9         0.93       8.2         8.8  400 


113.0 


0.90       s.  1 


s.s 


A.G 


2i  1,42-      +28°  31' 


159.7  9.95        9.5        10.0 

101.2  9.09'    10.0        10.5 

150.5  9.37        9.5        11.0 


300 

300 
100 


159.1 


9.07 


9.7 


10.5 


...   Doo.  -■  21h  59m     +10°  33' 

327.0          S.47  10.0        10.7                400 

11593  13  470  22>>9'"     +30    18' 

94.5          2.70  9.0        10.5                400 

11614  /3  477  22'-  10'"      +30°  49' 

43.2          0.50  S.S        10.0                 300 

1171:5  1'  2909     22h  23'"  .  -0    38' 

308.9         3.10  4.0         4.0               000 

300.0           3.04  KM) 

800.5         2.84  4.0         4.2               400 


10.53  307.1  2.99        4.0  4.1        3 


110:5(5  1'  2942     22h  39'"     +38°  50' 


15.750  270.3 
15.7S5  282.1 
15.S21       281.2 


279.9 


.1  and  B 

2.73        0.5 


2.88        0.5 
2.80        0~5~ 


9.5 


S.5 


400 
400 
100 


9.0     3-2 


N°    750 
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.1  and  C 


,  ,     |  o 

15.750       233.8       11.56 


12.5 


600 


...   Vanderdonck  2     22h  4S'"      +7°  45' 

18.608       132.3         3.20       9.2         9.4  4(H) 

18.868       123.2         3.41     10.3       10.0  400 


11.98 


17.850 

17.885 


110.8 


3.79       9.0 


9.3 


...   Fox   47     23h  12'"      +9°  53' 
279.9         4.87       9.0    .  10.5  400 

281.1         4.62       8.7        10.3  400 


I7.S7 


17.841 
17.973 


280.5 


1.7  1       s.s       lo.l 


...  Jon.  296     23h  17'"     +6'  15' 
137.4         4:71       9.5       10.0  400 

137.0         4.27       9.7        10.5  100 


17.91 


14.838 
14.842 


137.2 


4.49       9.6       10.2       2 


12639  2  3046     231'  50'"      -10°  10' 
252. 5         3.12       8.4         9.0  300 

250.8         3.06       8.5         9.0  300 


14. si 


L6.878 


L6.878 


351.6  3.09       8.4         9.0       2 

12700  0  482     23h56m     +62°  39' 
.1  .■iii.l  />' 

342.7  4.24       9.0       10.0  300 


.1  and  C 
124.1        10.33         ..        12.0 


300 


18.74 

127.8 

3.32 

9.7 

9.7   2 

12185 

2  2981 

23h  31 

'   -9°  29' 

00. 700 

110.9 

3.67 

9.0 

9.0 

300 

00.790 

109.9 

3.92 

400 

14.813 

113.0 

3.94 

9.0 

9.3 

400 

15.747 

108.7 

3.71 

9.0 

9.1 

400 

15.750 

111.4 

3.73 

9.2 

9.5 

400 

7 
gives 


8 
gives 


Remarks 
Comparison  with   I  )<  ihki;i  k's  orl  ut  ,  .1 .  A  .  41  14. 

0  — C  -6°.  2  -0".07 

Comparison  with  Dobekck's  orbit,  .  1 .  N.  4144. 


O  — C    •      -0°.2 


-0".01 


(9)     Comparison    with   Schoenberg's   orbit,   A.N. 
1200.  gives 


o       C         +3°.0 


0".03 


(10)     Motion  st  ill  appears  to  be  reel  ilinear. 
ill)     Angle  differs  L80    from  earlier  measures. 

(12)  No  oi  her  measures. 

(13)  Comparison     with     Doberck's    orbit,    A.N. 
3364,  gives 


o       C 


l°.l 


0".32 


(14)     Comparison    with     Doberck's    orbit,    A.N. 
gives   1270. 


O  — C 


+  0".08 


(15)  Distance  decreasing. 

(16)  Comparison    with    Lohse's    orbit,     Potsdam 
Vol.  20,  gives 


O  — C 


-0°.2      -0".03 


(17)     Distance  double  earlier  measures. 
18      Comparison  with  Lohse's  orbil  gives 

ii     -C         +1°.5         -0".ll 

(19)     Comparison  with  I. dusk's  orbil  gives 


O  — C 


1915.68 
1918.67 


-1°.0         -0".13 
-0°.7         -o  .01 


(20)  .Motion  still  seems  almost  rectilinear. 

(21)  Slow  decrease  in  angle  and  distance  probable. 

(22)  Angle  and  distance  changing  very  slowly. 

(23)  Comparison     with     Doberck's    orbit,     A.N. 
4515,  gives 


O  —  C 


I915.0S 
1918.71 


+  2°.3         +()".().". 
+  4°. 6  +0   .15 


(24)  Motion    practically    rectilinear. 

(25)  New? 

(26)  Orbital    motion,    distance    diminishing    rather 
rapidly. 

(27)  Distance    slowly    decreasing    due    to    proper- 

inotion. 

(28)  Comparison   with   Aitken's  Orbit,   Lick  Pub. 
12,  gives 

0  — C         -6°.l         -o".oi 
Minneapolis,  M,„„  ,   1919,  Jan     (0 
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NOTE    ON    APPARENT    PLACE    OF   ASTEROIDS   AND    COMETS, 


•  )ommunicated  1>\   Re 


By    ERNEST   C 
Admiral  T.  B.  Howard,  I 


It  is  desired  to  call  attention  to  the  fact  that  the 
apparent  place  reduction  of  the  comparison  star  pub- 
lished with  a  visual  equatorial  observation  of  an 
asteroid  or  comet  is  dispensable. 

Let  ft*  =  apparent  place  reduction  of  comparison  star, 
fto  =  apparent  place  reduction  of  object, 
dft  =  ft0  —  ft* 
It  is  practically  universal  to  employ  mean  place  in 
orbit  work  and  to  assume  dft  negligible.  This  assump- 
tion is  equivalent  to  making  oo  essential  use  of  ft*, 
for  mean  place  of  object  uncorrected  for  annual 
aberration  may  be  obtained  by  applying  Aa  and  So 
directly  to  mean  place  of  comparison  star.  (Where 
mean   place   corrected   for  annual   aberration   is   used, 


LAKE    BOWER. 
S.  Navy.  Superintendent  U.  S.  Naval  Observatory.] 

the  necessity  of  computing  the  aberration  remains 
unchanged. )  If  the  orbit  computer  wishes  to  take 
account  of  '/ft.  he  obtains  it  either  by  computing  ft0 
to  form  fto  —  ft*,  or  directly  by  the  differential  for- 
mula'. The  latter  method  is  not  longer  than  the 
computation  of  cither  ft*  or  ft,,.  Therefore,  since  the 
labor  of  the  orbil  computer  is  in  no  way  increased,  the 
computation  and  publication  of  ft*,  the  apparent  place 
reduction  of  comparison  star,  is  strongly  recommended 
to  be  discontinued. 

General   discussion    by  observers  and   computers   is 
invited. 
U.  S,   Naval  Observatory,   Washington,   I)    C,   1919,  Februa 


NOTE   ON   THE   NEW   VARIABLE   STAR. 


1900.0  a    17h  34'" 
Bl    E.   E. 

The  star  was  observed  visually  on   March   11.  with 
the  large  telescope,  and  the  following  position  obtained. 

L919.0         a   i7h  35™  20s.03         5    -11°  54'  31".5 
It    was  also  measured  at   the  same  time  with   resped 
to  two  other  stars  in  the  field  with  it. 

Variable  and  14*.5  star  preceding 

P.  A.     276°.6  Di-t.     30".6 

Variable  and  10*        1  1"  star  following 

P.  A.     74    7         Dist.      167".6 

The  variable  was  estimated  to  be  brighter  than  '.i'_> 
magnitude    on    the    BD    scale.     The    star    appeared 
See  A.  J. 


14s     3  -11°  55   2 
BARNARD. 

white,  certainly  not  a  decided  yellow  or  red,  though 
there  may  have  been  a  very  slight  tinge  of  yellow 
which  was  lost  in  the  bad  seeing.  A  small  ocular 
spectroscope  over  the  eye-piece'  showed  that  the 
-peel  rum  did  not  consist  of  bright  lines. 

I  have  photographs  with  the  Bruce  6-inch  and 
10-ineh  lenses  of  this  observatory  on  June  29,  1908 
with,  an  exposure  of  4h  I)"1,  with  the  position  of  the 
star  near  the  center  of  the  plate,  which  shows  stars  of 
probably    l-Vj    magnitude,    but    the    variable    is    not 

shown. 
)',  rki     Obs: 

Williams  Bay,  Wisconsin 
1919,   Mart  ■ 


MAY    ASTRONOMICAL    WORK. 


.1  trographic    Catalogm     1900.0    Hyderabad    Set 
1  a! .  1 1 .      Wedsun  s  o) 

i '         -18°,   by   R.   J. 
k.      Edinburgh,  1918. 

Cliches   Astrophotographiques  el 
inversion  de's   Mesures  en  AR  et  D,  l>\   \Y.  Gillen- 
berg.      Meddelanden  /ran  Lunds  Astronomiska  Observa- 
Seriss  1 1 .  \'r.  18. 


Studies  in  Stellar  Statistics.  Stellar  Clusters  and  related 
celestial  phenomena,  by  C.  V.  L.  Charlier.  Meddel- 
anden fran  Lunds  Astronomiska  ''  vm.  Series 
II.  Nr.  19. 

Sur  le  Groupe  des  Etoiles  a  Helium  dans  la  Constella- 
tion d'Orion,  by  Osten  Bergstrand.  N ova  Acta- Reg- 
ia  Societatis  Scientiarum  Upsaliensis.  Ser.  IV,  Vol.  5, 
No.  2. 
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Dates 

Tm  Besancon 

zJ  A.  R. 

JD.  P. 

Cp.          A.  li.  app. 

log.  f.  p. 

D.  1'.  app. 

log.  f.  p. 

Red.auj. 

* 

(2)   Pallas 

L918                  h       m      s             m       a 

,     n 

1          ll         111         s 

o        ,        // 

a                          ii 

Juin    12 

13  24    15 

- 1  33.49 

-10  22.8 

12, 

9    16  50  10.58 

9.335 

63  57  55.4 

0.;,  1 1// 

+3.39 

+   2.7 

1 

14 

1 1  49  59 

-2     1.33 

-   4  36.2 

9  , 

12    16  48  35.17 

8.780 

64    0  24.1 

0.505n 

+  3,10 

+   2.3 

2 

18 

10  53  37 

+3    5.08 

+  5  57.3 

9, 

12    16  45  25.85    8.073rj 

61    9    6.2 

0.505k 

+  3.11 

+    1.9 

3 

(9)  Metis 

Juin    14  1  11  16    5     -0  55.00    +10    7.9 

9  , 

6  |  14    1  43.34    9.427 

99  34  45.1     0.854«   +3.35    +16.3  1    4 

29    11  37  50    +3  18.93    +  9  47.8 

6  , 

8  1  14     1  57.19  |  9.553 
(16)   Psyche 

Kin  1  1  20.7    0.839rc  +3.23    +16.0  |    5 

Juin      5  1  11  37  10  1  +1  13.31     +   9  42.9 

9  , 

6  1  14  24  23.61    9.331 

HID    0  12.6    0.861n  +3.50    +15.8      6 

6  J    9  47    6+0  47.75    +  8  17.9 

9  , 

6    14  23  58.04    8.569 
(20)  Massalia 

99  58  47.5  |  0.870n  +3.49    +15.7  |    6 

Mai     15 

10  57  39 

+  1  57.20 

-   6  13.9 

9 

6 

15  18  15.45 

8.953/i 

107  45  40.9 

0.000/, 

+  3.74 

+  13.6 

7 

16 

111  is     7 

+  0  57.99 

-10  14.7 

9 

6 

15  17  16.25 

8.991m 

107  41  40.1 

0.90O,, 

+  3.75 

+  13.6 

7 

31 

11  22  43 

-0    4.56 

-    2  16.3 

12, 

9 

15    3  37.71 

8.986 

L06  11  37.1 

0.8977? 

+3.78 

+  14.5 

N 

Juin       1 

11     3  11 

-0  50.86 

-    5  37.2 

9  , 

6 

15    2  51.44 

8.847 

lor,  11  16.2 

0.898* 

+  3.7S 

+  14.5 

8 

29 

10  29    0 

- 1  48.53 

-11  20.2 

12, 

10 

11  .-.i)  39.94 

9.311 

lo:,  17  47.1 

0.881?! 

+  3.66 

+  14.6 

9 

Juil.    11 

10  31    0 

-0  49.67 

-   6  42.5 

12  , 

8 

14  51  38.71 

9.460 

105  52  24.3 

0.869?! 

+  3.57 

4-  14.1 

9 

(30)    Urania 

Mars  11  1  12  12    S  1  -0  52.28  |  -   9  46.9 

12  . 

9  1    9  28  23.73    9.31  1 

76  29    5.5  1  0.709/1    +2.93  |  +14.3    10 

12  1  12    9    5  J  —2  35.20  |  +  5  50.1 

9  , 

12  |    9  27  46.01  1  9.316 
(31)  Euphrosyne 

76  26  30.0  |  0.704/J  +2.93    +14.3    11 

Juin       1      9  51  36  1  -1  55.71  1  -    1  55.0 

9  , 

6  1  12  32  18.84  1  9.295 

87  39  59.4  1  0.796«|  +2.88  1  +16.5  1  12 

3|  11  14  13  1  -2    5.57  |  +11  57.2 

9  , 

6  |  12  32    8.96  |  9.501 

87  53  51.4  1  0.801  n\  +2.86  |  +16.3  |  12 

(49) 
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Dates       TmBesancon       ./A.  R.  J  D.  P.  Cp.  A.  R.  app.       log.  f.  p.      D.  P.  app.       log.  f.  p.  Red.auj  * 


Mars 

8 

9 

Mai 

10 

.liiin 

7 

Juin 
Juil. 


Juin      1 
3 


Juin      7 


Mars 

8 

9 

.Mars 

11 

12 

Mars     9 


Juin 


1 
0 

50  44 

9 

.-,;,  37 

0 

::i  29 

ii 

12    0 

+  0    6.25 

-0  35.83 

+  4  42.83 

-3  13.27 

1!)  42  12 
10  31  23 


10  33  48 

11  42  is 


4-1     9.22 

+  2  44.14 


+    1  14.5 
+  10  27.1 


7.58  I  - 
7.99    - 


1  33.5 

2  37.8 


11  51  22    -2  19.36    +   6  t6.£ 


12    9  54  I  -0  17.47  i  +10  ll.s 
11   14  37-1  10.S3    +  8  11.0 


12  58  L0  |  +2  23.21  I  +    1  21.1 
11  10  19    +1  44.52    +   0  15.2 


10  30    4     -2  40.77     -    1  18.8 


6  10  23  46  I  +1  51.49     -   4  37.1 

7  |  11  23    1  I  +1  18.33  |  -   4  19.8 


(52 1   Europa 


+ 

6  40.2 

12  , 

9 

+ 

0  54.4 

12  . 

9 

- 

2     1.8 

9  , 

12 

+ 

0  40.2 

9  , 

7 

10  54    9.00 

0.031// 

10  53  26.93 

9.283« 

10  39  33.13 

0.475// 

10  57    4.16 

9.569 

76  24    4.5 

0.691// 

+  3.00 

+  17.8 

76  18     0.7 

0.700// 

+  3.01 

+  17.8 

7  1   is  33.6 

0.711// 

+2.54 

+  13.1 

70  54  19.3 

0.756?! 

+  2.32 

+  12.4 

9  .    6 
9  .  12 


(60)   Echo 

15    0  10. si    0.1O2      102  58  19.9    0.880tz| +3.69 

1  1  55  32.34  ,  9.352   !  102  46  26.9    0.871n  +3.59 


(69)   Hesperia 

9  .    6  I  13    8  40.06  I  9.314    I    01  58  31.9  I  0.822//;  +3.08 
9  .    6  !  13    8  39.64  |  9.488   |    91  57  27.5  !  0.819nj  +3.07 


+  13.9  I  16 
+  13.5    17 


+  17.0  I  18 
+  16.9    18 


(87)  Sylvia 
0.    6     15  30  30.42    0.122      106     117.3    0.802//    +3.01     +11.3  |  19 

(169)  Zelia 

12  ,    9  I  10    6  16.78  I  9.077   I    75  17  46.7  [  0.680//J  +3.01  I  +15.9  I  20 
12,    9  |  10    5  23.42  |  8.470  |    75  15  12.8  |  0.677ti|  +3.01  |  +15.8  |  20 

(170)  Maria 

9  ,  12  I    9  25  16.76  I  9.430  I    88    1  17.7  j  0.800//I  +2.79  I  +16.0  I  21 
9,    9  I    9  24  38.06  I  9.048  I    88    0  11.9  |  0.797«|  +2.7S  |  +16.1  |  21 

(184)  Deiopee 
9  ,  12  |  11  14  38.15  j  9.219/1  |  85  35  is. 6    o.780»|  +2.93  |  +18.6  |  22 


loo,   Philomele 
9  ,    6  |  14  46  19.68  I  8.800 
9  ,    6  |  14  45  46.52  |  9.237 

336     Lacadiera 


102  21  59.3    0.880//    +3.63    +15.0    23 
102  22  16.6    0.874//|  +3.63  [  +15.0    23 


Mars  1  1 

13  42  39 

+  1  51.40 

+   4  1S.I 

9  . 

8 

11  56  37.02 

9.032 

OS  56     1.4 

0.863k 

+  2.93 

+  18.4 

24 

12 

10  37  17 

t- 1     1.69 

-    1  17.3 

12  . 

9 

11  55  51.21 

9.30471 

98  50  26.1 

0.8587! 

+  2.93 

+  18.5 

21 

13 

10  35  16 

+  0  10.62 

-    7  39.1 

12  , 

9 

11  54  57.15 

0.200// 

OS   11      1.1 

0.857?!   +2.94 

+  18.6 

24 

(362)    Hani  in 

Mai     15  |  10    6  21  1  -0  55.02     -   8  52.1  1  12  , 

9    12  36  20.57  |  9.025 

93  24    3.5  1  0.832//I  +3.03  1  +19.1 

25 

16      9  23  13  j  - 1  14.09  |  -   7  56.S      0  , 

6  |12  36     1.50  j  8.586 

93  24  58.8    0.833n|  +3.03    +19.1 

25 

(385)   Ilmatar 

Mars     9 

1 2    s  28 

+0  15.34 

-   5     l.s 

12  . 

9 

11     450.17 

8.280 

84  29    6.0 

0.7687! 

+2.94 

+  18.4 

26 

Juin      3 

Hi  is    8 

-2  11.67 

+  8    8.3 

9  . 

6 

10  54  39.49 

9.551 

so  39  10.6 

0.8107! 

+  2,30 

+  17.1 

27 

5 

10  26  10 

-1  12.71 

-    0    0.5 

9. 

6 

10  56  24 

9.564 

89  53  10 

.0.81171 

+  2.2a 

-+J.7.L. 

2s 
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Dates 

Tm  Besancon 

JA.R. 

j  I)  P 

Cp. 

A..R.  app. 

log  f.p. 

D.P   app. 

log.  f.p. 

Red   mi  j.           =(< 

i  109)   Aspasia 

Mai       2 

11  56  35    -1  57.77    - 

7  ll.S 

(i 

.(ill  27  53  07    8.21  1 
l!li  Gyptis 

1  1  1  54  51.5    0.916?!     i  3.63     !  L6.4    29 

Mai      L5 

11  39    5 

+  1  17.99 

- 

1  30.1 

9 

,    6 

15  55  36.98 

8.900?! 

99  13  46.9 

0.868?! 

+3.61 

1   IO.0 

30 

16 

11  12  5 1 

-0  34.27 

- 

5  25.0 

9 

,    6 

15  54  47.92 

9.066J1 

99  38  10.4 

0.866?? 

1.62 

-   L0.8 

31 

31 

Id  15    5 

-0  37.68 

+  10    7.8 

9 

,    6 

15   12  16.20 

8.602n 

98  22  14.7 

0.862?! 

+  3.71 

+  10.7 

32 

Juin      1 

11  27  33 

-1  27.08 

+ 

5  47.3 

9 

,    6 

15  11  26. SI 

8.636 

98  17  54.2 

0.861?i 

+  3.72 

+  10.7 

32 

(498)    Tokio 

Mai     10 

11   is  17 

+  1  23.96 

- 

ii  30.6 

9 

6 

1  I  25     1.17 

8.786 

0  1    II   26.2 

0.819?! 

+  15.8 

33 

15 

12  20  54 

-2     1.85 

- 

0  20.6 

9 

6 

11  20  12.31 

9.194 

91      4      1.5 

0.817?!    +3.37 

+  15.5 

34 

16 

Id  12  57 

-2  50.53 

— 

1   17.1 

9 

12 

11  19  56.63 

8.743?! 

0  1      3     4.0 

0.818?!    +3.37 

|   15.  1 

34 

(511)   Davida 

Mars  12 

9  19  15 

+  1  51.09 

- 

9  29.7 

12 

16 

7  3  1  18.13 

9.119 

60  58  40.0    0.453?i  +2. SI 

+  3.3 

35 

13 

9  18  31 

+  2    5.21 

— 

8  L8.3 

9 

12 

7  31  31.77 

9.138 

60  57    5.8  |  0.456//    +2. 7s 

+  3.3 

36 

(704)   Interamnia 

Mars  13 

10  59  18  [  -1  37.06  |  - 

5  40.7 

12 
'(in 

9    10  29    9.90    8.070m 
hte  periodique  Wolf 

lot  1  1  34.9    0.889?i    +2.87     +10.1  |  37 

Aout  28 

8  54    8 

+  2  23.74 

+ 

3  33.7 

9 

12 

20    2  12.06 

8.915?i 

66  10  56.2 

0.545?! 

+  3.78 

-22.3 

38 

29 

8  48  21 

+  1  22.04 

+ 

1  46.6 

6 

3 

20     1  50. .V.I 

8.925?i 

66  24  30.0 

0.5  10/, 

+  3.7S 

-22.5 

39 

30 

8  37  14 

-1  54.87 

+ 

1  35.1 

12 

16 

20     1  30.85 

8.986?! 

66  38  34.0 

0.555?! 

+  3.78 

-22.7 

40 

31 

8  56  48 

+  0  42.41 

+ 

1  26.9 

12 

12 

20     1  13.01 

8.717?! 

66  53  15.0 

0.554?! 

+  3.76 

-22.8 

41 

Sept.      2 

8  38  22 

+0  33.64 

+ 

6  27.4 

12 

9 

20    0  11.01 

8.850?? 

67  23  28. 1 

0.564?! 

+  3.75 

-23.0 

42 

3 

8  38    3 

-(I  L5.83 

+ 

1  32.3 

12 

12 

20    0  32.45 

8.804n 

67  39  14.2 

0.568?! 

+  3.75 

-23.1 

43 

6 

8  43  35 

+  0  56.88 

+ 

ii  15.0 

12 

9 

20    0  12.71 

8.481k 

68  28  53.8 

0.570// 

+  3.71 

-23.4 

44 

Oct.      3 

8  25  26 

-2    5.50 

- 

(i    (i.l 

9 

12 

20  14  21.11 

9.009 

77  27  57.0 

0.701// 

+  3.5S 

-25.0 

15 

5 

s  :,o  49 

+  1     2.43 

+ 

1    2.9 

12 

9 

20  Mi  40.35 

9.215 

78  10  52.8 

0.71  1// 

-1  3.55 

-24.8 

46 

8 

6  52    :; 

+  0  54.20 

+ 

2    0.4 

9 

6 

20  20  18.66 

8.590?? 

79  12  17.8 

0.716// 

+  3.51 

-24.0 

47 

9 

6  48    1 

-0  32.91 

11  23.4 

15 

9 

20  21  38.34 

8.616?! 

70  33    8.7 

0.720// 

!  3.55 

-25.0 

48 

10 

7    6  32 

-2    3.52 

- 

1  47.9 

9 

12 

20  23     1.58 

7.603?i 

70  54  L5.7 

0.723// 

+  3.56 

-25.1 

49 

11 

6  48  22 

+  0  57. SI 

- 

1  38.3 

12 

9 

20  24  2  1. si 

8.500?! 

SO  14  11.0 

0.726?i 

|  3.54 

-24.9 

50 

28 

(i  17  25 

+  2  13.30 

- 

4  39.5 

9 

12 

20  53  51.06 

8.298» 

85  1  l  48.3 

0.776// 

+  3.53 

-25.1 

51 

29 

6  21  32 

+  0  51.05 

- 

1   13.1 

12 

9 

20  55  53.52 

7.970n 

85  59    4.2 

0.778m 

+3.54 

-25.2 

52 

30 

(i  18    5 

+  1  48.96 

+ 

5  20.2 

9 

9 

20  57  56.36 

8.082?! 

86  16  13.4 

0.780?! 

|  3.54 

-25.2 

53 

31 

6  14     1 

+  2    3.19 

+ 

0    2.5 

9 

12 

21    0     1.58 

8.203?! 

86  32  59.3 

0.782?! 

1  3.54 

-  25. 1 

54 

Nov.     5 

6  15  55 

+  2  29.70 

- 

5  28.8 

3 

4 

21  10  53.21 

7.150 

87  53    4.8 

0.703// 

+  3.55 

-25.1 

55 

9 

6  15  58 

+  2  18.75 

- 

7    2.1 

9 

12 

2120     1.95 

S.I  00 

88  51    17.7 

0.798n 

+3.56 

-25.2 

56 

20 

6    5  24 

+  0  52.03 

+ 

8  43.7 

12 

9 

21  46  57.61 

8.391 

01     7  34.5 

0.816?! 

+  3.60 

-25.4 

57 

21 

0  10  11 

-2  32.43 

- 

4  15.7 

9 

12 

21  49  31.41 

8.548 

01  18    5.8 

0.817?? 

+  3.63 

-25.5 

58 

22 

6    5    2 

+  3  17.90 

+ 

0  13.7 

9 

12 

21  52    5.32 

8.459 

91  28  10.0 

0.818?i 

+  3.60 

-25.3 

59 

23 

5  59  56 

-0  32.20 

- 

8    0.7 

12 

9 

21  54  40.05 

8.347 

91  37  57.8 

0.819?! 

+  3.62 

-25.4 

60 

30 

5  52  22 

-0  53.80 

+ 

0  26.1 

12 

9 

22  13    9.60 

8.396 

92  37  23.7 

0.826?! 

+  3.65 

-25.4 

61 

D6c.     6 

5  58  33 

+0  50.29 

- 

5  36.5 

9 

12 

22  29  28.17 

8.685 

93  15  53.6 

0.830/? 

!  3.66 

-25.3 

62 
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POSITIONS   MOYENNE3    DE8    ETOILE3   DE   COMPARAISON. 


*       A.R.  1918.0 

D.P.  1918.0                        Ante  .rites 

* 

All.  1918.0 

D.P.  1918.0 

Autorites 

1    16  51   10.68 

64     8  15.5 

.1.'/.  Cam.{Engl.) 

7891 

32 

ll          Ml            S 

15  42  50.17 

o         ,         ., 

98  11  56.2 

A.G. 

Wien-Ottak. 

5503 

2    16  50  33.10 

04     -1  5S.0 

A.G.  Cam.{Engl.) 

7882 

33 

1  I  23  36.86 

91  11  11.0 

A.G. 

Nicolaji  w 

3745 

3    If,  42  17.36 

01     3     7.0 

A.G.  Cam.{Engl.) 

7803 

34 

1  1  22  43.70 

01     1    0.0 

AJ.. 

Xicolaji  ir 

3741 

4 

14    2  34.99 

99  24  20.0 

rap.  A  Star  A.G.W    Otlak 

1989 

35 

7  29  24.23 

01      s     0.4 

A.i;. 

i'ii in.  {Engl. 

4042 

5 

13  58  35.03 

100    4  16.9 

A.G.  Wien-Ottak. 

1985 

36 

7  29  26.78 

01     5  20.8 

A.G. 

Cam.  {Engl. 

1011 

6 

14  23    6.80 

99  50  13.9 

A.G.  Wien-Ottak. 

5101 

37 

10  MO  44.09 

104  10  50.5 

A. a. 

Cam.  {U.S.) 

4009 

7 

15  Hi  1  1.51 

107  51    11.2 

A.G.  Washington 

5632 

38 

19  59  11.5  1 

00     7   lis 

A. a. 

Berlin  B 

7442 

s 

15    3  38.52 

100  Hi  38.9 

A.G.  Washington 

5577 

39 

20    0  21.77 

00  23     5.9 

A.G. 

Berlin  B 

7440 

9 

11  :.2  21. SI 

105  58  52.7 

AM.  Washington 

'>')  10 

40 

20    3  21.04 

oo  37  21.0 

AJ,. 

Berlin  B 

7  is:, 

in 

9  20  L3.08 

70  38  38.1 

rap.  a  star  11 

41 

20    0  26.84 

00  52  11.2 

Abbadia 

11414 

1  1 

9  30  1S.2S 

70  20  25.0 

A.i:.  Leipzig  I 

3794 

42 

20    0    0.05 

07  17  24.0 

A.G. 

Berlin  B 

7445 

12 

12  34  1  1.67 

87  11  37.9 

A.G.  A 

1520 

43 

20    0  1  1.53 

07  38    5.0 

A.G. 

Berlin  B 

7451 

13 

li)  53  .v.'.::. 

70  16  57.5 

.4.(7.  Leipzig  I 

1163 

14 

10  59  12.11 

68  22  32.2 

A.G. 

Berlin  li 

7  IMS 

11 

ID  31  47.70 

7  1  50  25.3 

A.G.  Berlin  A 

1210 

45 

20  16  23.06 

77  34  20.0 

A.G. 

Li  ipzig  I 

7853 

i:» 

11     0  15.11 

70  53  20.7 

AM.  Li  ipzig  I 

lis! 

46 

20  15  34.37 

78    7  11.7 

A.G. 

l.i  >i>:>ii  I 

7841 

16 

1  1  58  57.90 

102  56  51.5 

i.;/.  h  A.G.  Cam.  (U.S  1 

5263 

47 

20  10  20.92 

70  10  12.3 

A. a. 

l.i  ipzig  I 

7889 

17 

11  52  14.01 

102  35  40.3 

A.G.  Cam.  {U.S.) 

5230 

is 

20  22    7.70 

79  44  57.1 

A. a. 

Leipzig  I 

7015 

18 

13    9  14.56 

91  59  18.4 

A.G.  Nicolajew 

3550 

49 

20  25     1.51 

70  50  28.7 

A.G. 

Leipzig  II 

10117 

I'.i 

15  41  15.87 

105  51  19.2 

A.G.  Washington 

570  1 

50 

20  23  23.45 

80  16  44.2 

A.i,. 

Li  ipzig  II 

10003 

20 

10    6  31.24 

75    6  10.0 

A.G.  Berlin  A 

1001 

51 

20  51  34.23 

85  10  52.9 

AM. 

Albany 

7335 

21 

0  22  50.76 

87  50  10.0 

A.G.  At  hi  mi/ 

3787 

52 

20  5  1  58.93 

SO     1   12.S 

AM. 

A  ll>a  li:/ 

7352 

22 

11  17  L5.99 

85  36  is.s 

A.G.  Albany 

1253 

53 

20  56    3. SO 

SO  11   IS.  4 

AM. 

Albany 

7361 

23 

1111  24.511 

102  20  21.1 

A.G.  Cm„.  {U.S.) 

5198 

54 

20  57  54.85 

SO  33  21.0 

AM. 

Albany 

7369 

24 

11  54   13.59 

98  51  21.0 

A.G.  Wien-Ottak. 

1  136 

55 

21      8   10.00 

s7  58  5s.  7 

AM. 

Albany 

7127 

25 

12  37  L2.56 

93  32  30.5 

Abbadia 

3917 

56 

21  17  39.64 

88  59  15.0 

A.i;. 

Nicolaji  w 

5434 

26 

1  1     4  31.89 

84  33  49.4 

A.G.  Leipzig  II 

5702 

57 

21  40    1.98 

90  59  16.2 

A.G. 

Nicolaji  a- 

5517 

27 

K)  56  51.86 

89  30  45.2 

A  .G.  Nicolajew 

3165 

58 

21  52    0.21 

91  22  47.0 

A.G. 

Nicolajew 

5532 

28 

K)  57  35 

so  53  20 

pos.app.l  ( 'arte  P; 

lisa) 

59 

21    is  43.82 

91  28  21.6 

AM. 

Nicolajew 

5525 

20 

1  1  2!)  17.21 

112     1  40.0 

( 'incinnati 

2107 

60 

21  55    8.63 

01  40  23.9 

A.ii 

Strasbourg 

7678 

30 

15  51  15.38 

00  15     0.1 

rap.  a  star  31 

61 

22  13  50.75 

02  37  23.0 

A.i; 

Strasbourg 

770  1 

31 

15  55  is. 5 7 

99  43  24.6 

A.G.  Wien-Ottak. 

5564 

62 

22  28  34.22 

93  21  55.4 

AM. 

Strasbourg 

7827 

*  4  —  A.G.  Wit  n-Ottak.  4080  :  A  A.M.  =  +  2m  58s.63 

*  10  —  *  11  :  A.I./?.  =   -1       5  .20 

16  — A.G.  Camb.  (C.S.)  5263  :  AA.R.  =  +1    54.70 

30       *  31  :  A  A.R.  =   -1      3  .19 


;  a  D.P.  =  +  3'  12".6 

A  D.P.  =  +18    12    .5 

A  D.P.  =  -   3   40   .0 

A  D.P.  =  +    1   41    .5 


Remarques. 

Planetes — (9)  Metis,  Juin  20.  observation  faite  un  pen  pres  de  l'horizon.  (20)  Massalia,  Mai  31.  le 
Coude  es1  secoue  par  le  vent.  I  198)  Tokio,  Mai  10,  le  ciel  est  nebulent  el  la  planete  peu  visible.  Mai  16,  au 
momenl  de  l'observation  la  planete  es1  tres  voisine  d'une  6toile  de  menu-  grandeur. 

Comete  periodique  Wolf — Aou1  28,  la  Comete,  estimee  de  12''  grandeur,  es1  une  petite  nelmlosite  de 
20"  de  diametre  ayant  une  vague  condensation  a  peu  pres  rent  rale.  Aou1  20,  le  c>el  se  couvre.  Sept.  2.  la 
Comete  es1  de  grandeur  11. 5;  la  chevelure,  mesurant  de  25"  a  30"  de  diametre,  a  mi  petit  noyau,  d'intensite 
variable,  un  pen  decenl  re  vers  la  N.  W.  Oct.  3,  la  <  !omete  esl  de  10°  grandeur;  La  tete,  ronde,  de  15"  de  diametrs, 
a  une  condensation  centrale  bien  prononcee.  Oct.  8,  les  mesures  sunt  interrompues  par  des  nuages.  Oct.  0, 
la  C  >mete,  d<   grandeur  10.5.  a  son  noyan  d6centre  vers  W.     Oct.  20.  la  Comete  esl  estimee  de  l()e  grandeur. 
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Nov.  5,  le  ciel  se  couvre.     Nov.  23,  la  Comete,  de  grandeur  9.5,  a  une  condensation  Houe,  mais 
centre  d'une  tgte  ronde  de  50"  .1  >  diametre.      Dec.  6,  la  Comete  esl  estimee  de  1 1'  grandeur. 

Obserratoiu-  </<    Besanqon,   191'. 


bien  ddfinie,  au 


MICROMETER   OBSERVATIONS   OF   WOLF'S   ASTEROID   ALINDA    (1918  DB), 

By  E.   E.   BARN  \Kh. 


After  the  announcement  by  Wolf  of  the  discover} 
of  this  important  asteroid,  I  secured  photographs  of  i1 
with  the  Bruce  telescope  on  February  9  and  10.  I 
finally  located  it  visually  with  the  large  telescope  on 
February  12  with  the  aid  of  a  photograph  of  it  made 
on  the  same  night  witli  the  Bruce  telescope  by  Mis> 
Calvert,  and  the  measures  of  thai  night  w  ire  secured. 
After  this  it  was  followed  with  the  aid  of  extrapolated 
positions  kindly  supplied  me  by  Professor  Van 
Biesbroeck  until  the  appearance  of  the  ephemeris 
computed  at  Berkeley,  California  by  Mr.  II.  M. 
Jeffers.  My  observations  of  it  were  terminated  by 
absence  on  the  eclipse  expedition.     At    various  times 


1918        C.  S.  T. 
Feb.  10d  llh  57m 


a  Appt . 

b  14"'  N-.f, 


the  brightness  of  the  asteroid  was  compared  will,  that 
of  small  stars  m  the  field  with  it.  These  comparisons 
Cannoi  be  used  here,  but  the  direct  estimates  of  its 
magnitude  are  given   in  the  following  table. 


Feb. 


On  March  23  and  2li  il   was  "very  faint   in  moonlight." 
'l'h'   photograph   of   February    in   with   the    10-inch 
Bruch    lens    was    measured    and    the    following    position 
obtained: 


12 

12.7 

Mar 

2 

13.2 

Apr.     1 

1  1.0 

l(i 

13.0 

7 

13.4 

(i 

15"., 

28 

13.5 

14 

13.8 

13 

15.0 

Hi 

13  '.i 

16 

15.7 

1 


8  Appt. 

+  35°  12'  37" 


9.4564 


0.2068 


The  comparison  of  this  with  the  ephemeris  of  Mr. 
Jeffers  in  L.  <).  Bulletin,  No.  309,  seems  to  show  that 
the   position   is   fair. 

I  find  the  ast.-roid  on  my  Bruce  plates  of  1918 
January  14,  but  it  is  in  the  region  of  poor  definition  ami 
measures  of  the  position  would  no1  be  of  much  value. 
The  approximate  place  for  that  date  is: 


1918     Jan.  14'1 


I  I '  29m     C.  S.  T. 
1918.0  a  o1'  45"' 


22 


8   +   22°0'.3 


The  closely  approximat 
February  !•  is: 


position   from   the  plate  of 


1918     Feb 


1918.0    a 


C.  s.  T. 

7h  10'-  59s 


The    observations    are    given    in    Centr 
Time,  which  is  (i1'  ()'"  slow  of  ( rreenwicb 
All   the   visual    measures    were    made   with 
telescope. 


I    35    30'.7 

al  Standard 
Mean  Time, 
the  40-inch 


Measured  Positions  <>/  the  Asteroid. 


1918 

(.'cut.  Stan. 
Time 

Jn 

AS 

Comps. 

a  A]  ip. 

i?  App. 

leg  //J 

a                8 

Red.  0 

App. 

* 

Feb.    12 

h       in      s 

11  57    0 

-0  19.22 

+  2  20.9 

5,  7 

1           III        s 

7  20  50.:;  1 

1  36    5  22.6 

9.4639 

0.1  S75 

3.3] 

-2.7 

1 

16 

7  36     1 

+  0  13.96 

-1  29.2 

5  ,  0 

7  :;:;  22.2!) 

+36  35  13.5 

9.4518?? 

0.1673 

+  3.33 

-3.3 

2 

16 

7  .").-)  38 

+0    3.74 

+  2  53.6 

5,8 

7  33  21.  so 

+  36  35  19.2 

9.3927n 

o.l  17:; 

+3.33 

-3.3 

3 

19 

11    3  59 

+  0    7.96 

-0  20.4 

K)  .  1 

7  43  17.02 

I  36  48  52.7 

9.2856 

0.0453 

+  3.35 

-3.8 

1 

19 

ii  2o  43 

-0  18.8 

5 

+36  4s  54.3 

o.osoo 

-3.8 

4 

19 

11  32  31 

+  0  11.56 

-0  lli.'.t 

11  ,  4 

7  43  20.02 

+  36  48  50.2 

9,4031 

0.1200 

1  3.35 

-3.8 

4 

21 

13  50  12 

+  0    3.57 

-0  48.7 

4  ,  Ii 

7  49  is. oi 

+  36  52  58.3 

9.6840 

0.4728 

+  3.59 

-4.2 

5 

28 

12  14    0 

+  0    5.35 

-2    2.7 

5  ,  8 

s  10  13.22 

+36  12  5S.7 

9:5453 

0.2577 

+  3.34 

5.0 

6 

28 

12  49  56 

+0    9.50 

-  2    9.3 

6,3 

8  10  17.37 

+  36  42  52.1 

9.6128 

0.3483 

-5.0 

6 

Mar.     2 

7  20  19 

-0    4.94 

+  1  35.9 

5,8 

8  15  17.15 

+  36  35  17.0 

0.15  IS// 

0.170:; 

+  3.32 

-5.2 

7 

2 

11  13  41 

-0  21.93 

-0    9.8 

5,9 

8  15  43.11 

+36  34  29.4 

9.3729 

0.1  100 

+  3.32 

-5.2 

8 
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Date                                        J  a 

j.; 

a  App.                  3  App. 

l,"''J     .           Red.  to 
a                     o 

\pp. 

* 

7 

h       m     s 

11  25  39 

+0    0.45 

+  o  39.9 

5  .  8 

8  29  14.12 

+  36    3  23.7 

9.4362 

0.1 761 

+  3.29 

-6.0 

9 

7 

L2  20  32 

+0    6.25 

+0  21.9 

6  ,  4 

8  29  19.92 

+  36    3    5.7 

9.5740 

0.3139 

+  3.29 

-6.0 

9 

14 

12  24  L6 

-0    4.(18 

-1  19.5 

(1  ,  7 

8  47    3.22 

+  35     1  17.1 

9.5922 

0.3711 

+  3.23 

-6.4 

10 

14 

I:;    9  59 

-0    0.03 

- 1  40.0 

9  .  1 

S  47     7.82 

+  35    0  56.6 

9.6571 

0.4698 

+3.23 

-6.4 

10 

16 

8     1  L9 

+  0     4.80 

+3  43.3 

5  .  8 

8  51  28.29 

+  34  42  23.0 

9.1732/1 

0.1139 

+  3.21 

-6.9 

11 

16 
16 

8  31   is 
s  16  in 

(1     1 94 

1 

8  51  30.76 

8.9395?! 

+  3.21 

12 

-0    3.55 

-5    4.4 

5  .  9 

8  51  32.15 

+  34  42     1.5 

8.7404?i 

(1.0792 

+  3.21 

-6.9 

12 

23 

7  31   is 

+0    9.69 

-0  45.2 

5  .  9 

9    7  40.99 

+  33  21  56.9 

9.2856?i 

0.2122 

+  3.14 

-7.5 

13 

26 

10    7  23 

-0     1.88 

-(1  41.2 

(i  .  8 

9  14  34.37 

+  32  42  45.5 

9.2122 

0.2201 

+  3.09 

-7.8 

14 

26 

10  17    8 

-()     1.02 

-0  46.6 

1  .  8 

9  14  35. 23 

+  32  42  10.1 

9.2648 

0.2330 

+3.09 

-7.S 

14 

28 

1 1  :;:,  33 

+  0    7.S2 

+  0  50.3 

."»  .  6 

9  19    2.83 

+  32  15  55.1 

9.5302 

0.3820 

+  3.06 

-s.o 

15 

30 

7  48  '-'7 

-0    3.74 

+  2    9.1 

5  .  9 

9  22  59.52 

+  31  51  27.7 

9.1072n 

0.2330 

+  3.03 

-8.2 

16 

30 

8    6  39 

-0    2.20 

+  1  58.0 

1  .  8 

9  23     L.06 

+31  51  16.6 

8.9494n 

0.2175 

+  3.03 

-8.2 

16 

Apr.      4 

L0  5 1      1 

-0  16.89 

-0  28.7 

5  .  s 

9  33  38.91 

+  30  40  55.4 

9.1  1  Id 

0.3674 

+  3.00 

-8.8 

17 

4 

12    9    5 

-(I  IS. 22 

+  1  26.9 

5  ,  10 

9  33  45.42 

+  30  40    8.7 

9.6042 

0.4900 

+  3.00 

-8.8 

18 

9 

s  59     1 

-0    1.30 

-2  36.8 

4  ,8 

9  13  32.22 

+  29  30  49.5 

8.8751 

0.2988 

+  2.92 

-9.0 

19 

9 

9  27    9 

+  0    0.98 

-2  53.4 

4  ,  (i 

9  43  34.50 

+  29  30  32.9 

9.1106 

0.3160 

+  2.92 

-9.0 

19 

13 

8    6  39 

-0    8.47 

+  3  46.5 

5  .  8 

9  51   17.00 

+  28  33    6.0 

8.5051/1 

0.3263 

+  2.87 

-9.4 

20 

13 

10  35  13 

+  0    3.23 

+  2  15.1 

5  ,  ii 

9  51  2S.70 

+  28  31  34.6 

9.4393 

0.4216 

+  2.87 

-9.4 

20 

16 

s    9  57 

-0  11.52 

-1  14.4 

7  ,  9 

9  57     1.99 

+  27  48  46.0 

7.9031ii 

0.3444 

+  2.85 

-9.7 

21 

16 

s  32  36 

-0    9.65 

-1  28.0 

5  .  8 

'J  57    3.86 

+  27  48  32.1 

8.6128 

0.3483 

+  2.85 

-9.7 

21 

16 

10  20  48 

-0     1.29 

-2    5.6 

5  .  7 

9  57  12.22 

+  27  47  54.8 

9.4099 

0.4249 

+  2.85 

-9.7 

21 

In  every  observation  the  Aa  of  the  asteroid  and  the  comparison  star  was  measured  direct.     These  measures 
are  given  in  the  table  be]  >\\ . 

Measured  Aa  of  the  Asteroid  and  Comparison  Stars 


1918 

A  a  cus  3 

1918 

A  a  co 

1918 

A  a  COS  3 

l'.lls 

A  a  ens  3 

Feb.   12 

-233.2 

Mar.     2 

-    59.5 

Mar.  16 

-   43.9 

Apr.     4 

-235.0 

l(i 

+  168.2 

2 

-264.1 

23 

+  121.3 

9 

-    16.9 

16 

+  45.0 

7 

+     5. 1 

26 

23. 1 

9 

+    12.S 

19 

+  95.7 

7 

+    75. s 

26 

-    12.7 

13 

-111.7 

19. 

+  138.9 

14 

-    56.8 

28 

+   99.2 

13 

+   42.5 

21 

+  42.9 

14 

0.3 

30 

-    47.7 

16 

-152.8 

28 

+  64.3 

16 

+   59.2 

30 

-   28.1 

16 

-  127.9 

28 

+  114.1 

16 

-    61.0 

Apr.     4 

-217.9 

16 

-    17.1 

Mean  Places  of  Comparative  Sims. 


* 

a  1918.0                        o  1918.0 

Authority 

1 

2 
3 

ll              111            8 

7  21    12.26 
7  :•:■;    5.00 
7  33  17.82 

+  36     3     4.4 
+  36  36  4(1.0 
+  36  32  28.9 

12  man.     Compared  with  Lund  A.  G.  C.  3848 

12  mag.     Compared  with  Star  3 

13.3  mag.     Compared  with  Lund  A.  G.  C.  3939 
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* 

a    111  ISO 

6   l:o mi 

Authority 

4 

b        i 

7  43 

5.71 

+  36    10    10.0 

Lund  .1.  G.  C.  3986 

5 

7  49 

40.85 

4-36  53  51.2 

I2'_,  mag.     Compared  with  Lund  .1.  G.  C.   1019 

0 

8   10 

1.53 

4-36    15     o.l 

123^  mag.     Compared  with  Lund  A.  G.  C.  1150 

7 

8  15 

19.07 

+  36  33    16.3 

12.2  mag.     Compared  with  Lund  A.  G.  C.  I2()l 

8 

8   16 

1.72 

+  3(1  3  1   41.4 

Lund  .1.  G.  C.  1201 

9 

8  29 

10.38 

+  36     2  49.8 

12'j  mag.     Compared  with  Lund  .1.  '.'.  C.  1283 

10 

8    17 

L62 

+  35     2  43.0 

12.5  mag.     Compared  with  Lund  .1.  G.  C.  1398 

11 

8  51 

20.28 

+  34  38  46.6 

14  mag.     Compared  with  Kustner  3948 

12 

8  51 

32.50 

+  34  37     7.0 

Kustner  3948 

13 

9     7 

28.16 

+  33  22  49.0 

11-12  mag.     Compared  with  Leiden  .1.  G.  C.  3787 

14 

9   14 

33.  Hi 

+  32    13   34.5 

12  mag.     Compared  with  Leiden  .1.  C.  C.  3818 

15 

9   is 

51.95 

+  32    15   12.8 

13-14  mag.     Compared  with  Leiden  .1.  G.  C.  3862 

16 

9  23 

0.23 

+  31    19   20. S 

Leiden  .1.  G.  C.  3873 

17 

9  33 

5  2.  SO 

+  30  41   32.9 

13.9  mag.     Compared  with  Leiden  .1.  '-'.  C.  3932 

IS 

9  34 

0.01 

+  30  38  50.6 

Leiden  .1.  G.  C.  3032 

19 

9  43 

.",0.00 

+  29  :;:;  35.3 

12'-_,  mag.     Compared  with  Bonn  .1.  G.  C.  1313 

20 

9  51 

22.00 

+  28  29  2S.9 

\2l/i  naag.     Compared  with  Cambridge  (Eng.)  .1.  G.  C. 

->  1 5 1 

21 

9  57 

10.6(1 

+  27  50    10.1 

12'j    mag.     Comp.    with    Oxford    Photograph    +28°  29797 

and  +27°  25332 

Measures  of  Comparative  Stars. 


Date 

<  lomparison  Star  —  Known  Star 

Aa  cos  S 

An 

A3 

<  lomps. 

1918  Mar. 

1919  Apr. 

Si. 

Star  (a)  —Lund  -4.  G.  C.  3848 

" 

-1     17.40 

+  4   30.2 

26  fcr,  8 

1918  Feb. 

1919  Apr. 

Si 

Star  1  —  Star  (</) 

+0  17.78 

+  1   37.3 

20  Ir,  6 

1918   Feb. 

16 

Star  2  —  Star  3 

-153.9 

-0  12.78 

+  1    17.1 

5    ,    5 

16 

Star  3—  Lund  A.  G.  C.  3939 

-1  24.86 

+  3  35.8 

6  Ir.  1 

21 

Star  5  —  Lund  A.  G.  C.  4019 

+  0  51.1(1 

-3  27.0 

12  tr,  1 

28 

Star  6—  Lund  A.  G.  C.  4159 

+  0  35.90 

+  0  22.8 

16  tr,  5 

Mar 

2 

Star  7  -  Lund  .4.  G.  C.  4204 

-0  42.65 

-0  58.1 

16  tr,  1 

7 

Star  9  —  Lund  A.  G.  C.  4283 

+  0  48.73 

-1   53.8 

20  tr,  4 

14 

Star  10  — Lund  A.  G.  C.  4398 

-0  41.91 

-0  37.9 

1  1  t  r,  4 

16 

Star  11—  Kustner  A.  G.  C.  3948 

-  I50.S 

-0   12.22 

+  1  39.6 

4     ,    4 

23 

Star  13    -    Leiden  A.  G.  C.  3787 

+  0  36.88 

-2  24.6 

22  Ir,  6 

26 

Star  14  —  Leiden  A.  G.  C.  3818 

+  0  36.66 

+  3  49.6 

IS  Ir,  7 

28^ 
30  \ 

Star  15       Leiden  A.  G.  C.  3862 

-2     5. SO 

+  0  20.1 

11  tr,  5 

Apr. 

4 

Star  17       Leiden  A.  G.  C.  3932 

-101.2 

-0     7.S4 

+  2  42.3 

5    ,    5 

9 

\  Star  (6)  —  Bonn  .4.  G.  C.  4343 

-0  52.01 

-0  27.5 

12  tr,  4 

/Star  19  — Star  (b) 

15.(1 

-0      1.20 

-1     0.3 

4    ,    4 

13 

Star  20       Camb.  (Eng.)  A.G.C.  5151 

-0  50.17 

+  0   13.7 

20  tr,  4 

16 

Star  21  —  Oxford  Phot, 

+  28°  29797  and  +27°  25332 

+  0  41.68 

-2     7.9 

20  tr,   1 
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The  positions  of  the  two  step  stars,  (a)  and  (&),  of 
February  12  and  April  9,  1918,  are: 

Aa  cos   o   116". 73   (5)    =    Aa  9s. 04,  A5  0".34   (5) 
Comparing  these  differences  with  the  catalogue  differ- 

Star(a)(llM)    1918.0  a  7h  20- 24-.4S  5  +30°    1'  27".5 
Star  (6)  Ml  V)                   0    43    31  .80      +29    37  35   .0 

ences  we  gi  i 

O  — Cat.      +0\0S      -0".2 

As  a  check,  mi  April  4  the  stars  Leiden  .1.  '.'.  C.  3032 
and  3033  were  measured: 

Yokes  Observatory,   Williams  Bay,  Wisconsin. 
April  14,  1919. 

THE   COMPANION   OF   SIRIUS, 

By  E.  E.   BARNARD. 

The  following  observations  of  the  companion  of  Sirius  are  a  continuation  of  those  printed  in  Astronomical 
'.  XXX.  p.  L82. 

Date  P.  A.  Dist.  H.  A.  Remarks 


11)17. stiO 

Nov. 

10 

70.89 

10.85 

W 

1      0 

Seeing  poor. 

1 '.H  s.i  122 

.hin. 

8 

68  82 

10.96 

0     0 

V.  difficult.     Seeing  bad. 

.052 

19 

71.39 

11.04 

E 

0  30 

Well  seen. 

.080 

29 

71.01 

10.79 

W 

1     0 

Seeing  =   1.     Observation  uncertain. 

.118 

Feb. 

12 

70.04 

10.05 

E 

0  30 

Well  seen. 

.129 

16 

69.23 

11.04 

W 

0  30 

Yerv  difficult. 

.107 

Mar 

2 

71.02 

11.05 

0     0 

Well    seen    though    badly    blurred.     See 
ing  =  2. 

.205 

16 

72.43 

11.24 

E 

0  30 

Difficult.      Seeing  =   2. 

1918.079 

70.73 

10.99 

1918.904 

Nov. 

20 

69.30 

E 

0  30 

.928 

Dec. 

5 

69.98 

11.07 

E 

0  30 

.961 

17 

70.91 

10.95 

E 

1     0 

L919.049 

Jan. 

IS 

69.38 

10.95 

E 

0   10 

.DCS 

25 

69.70 

11.04 

W 

0   10 

.07(i 

28 

(is. 20 

11.12 

E 

(i   15 

.087 

Feb. 

1 

69.32 

11.04 

E 

0  40 

.(HI.", 

4 

69.51 

11.27 

E 

0  25 

.114 

11 

70.83 

10.90 

E 

0  50 

.  1  2.-, 

15 

(ill.  HI 

11.18 

E 

0  25 

.134 

18 

(is.  71 

11.08 

W 

0   10 

.166 

Mar 

1 

(is.  si 

11.10 

E 

0   10 

.21(1 

is 

till. 75 

L0.95 

E 

0   10 

.249 

Apr. 

1 

68.35 

10.93 

W 

0  40 

.265 

7 

70.20 
69.50 

11.05 
11.05 

W 

1      0 

L919.095 

Seeing  too  poor  for  distance. 

Well  seen  at  distance  meas.     Angles  diff. 

Observation  fairly  good. 

Difficult  hut  obs.  good.     Seeing  =  2. 

Seeing  2-3. 

Fairly  well  si\'ii  but  image  blurring. 

Observation  fairly  good.     Seeing  =  2. 

Difficult. 

Difficult. 

Well  seen.     Seeing  =  3. 

Quite  bright  and  steady. 

Seeing  poor. 

Well  seen. 

Fairly  well  seen. 

Seen  with  difficulty. 


Yerkes  Observatory,   Williams  Bay,   Wisconsin. 
April  15,   1919. 
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OX    A   SIMPLIFICATION    OF   LUIZET'S   METHOD   FOR    OBTAINING    THE 
OF  A   CEPHEID   VARIABLE   FROM   ITS    LIGHT   CURVE, 

By   F.    HENROTEAT. 


( )RBIT 


If  we  suppose  the  Cepheids  to  be  binary  systems, 
the  period  P,  tli  •  eccentricity  e,  (lie  time  of  periastron 
passage  T  and  the  longitude  of  periastron  to  (which 
Luizet  calls  X)  can  be  derived  from  their  light  curves, 
by  a  method  which  has  been  elegantly  devised  by 
Dr.  Luizet  of  the  observatory  of  Lyons*. 

Ltjizet's  method  can  be  greatly  simplified  and 
reduced  merely  to  a  direct  reading  of  the  above  ele- 
ments from  the  Allegheny  Tables  of  Anomalies')-. 

We  shall  assume  with  Luizet  — 

1.  That  the  time  of  maximum  velocity  of  recession 
of  the  star  is  the  same  as  that  of  minimum  brightness; 

2.  That  the  time  of  maximum  velocity  of  approach 
is  the  same  as  that  of  maximum  brightness: 

3.  That  Duncan's  working  hypothesis  to  explain 
the  variation  of  brightness  is  correct,  and  consequently 
that  it  can  be  proved  that  if  .1/  is  the  maximum  bright- 
ness and  m  the  minimum  brightness  of  the  star,  and 
if  the  brightness  at  periastron  is  M  —  E,  the  brightness 
at  apastron  will  be  m  +  E. 

These  three  assumptions  are  only  approximate,  as 
one  can  see  for  instance  from  the  work  on  the  radial 
velocity  of  5  Cephei  by  Da.  Moore  at  the  Lick  Obser- 
vatory, where  he  compares  the  velocity  curve  with  the 
light  curve,  and  also  from  other  studies.  Besides, 
subsequent  work  by  different  observers  has  made  the 
binary  theory  of  Cepheids  doubtful,  although  many 
still  maintain  it. 

It  would  nevertheless  be  very  important  to  obtain 
the  orbits  of  all  the  Cepheids  by  using  Luizet's  method 
simplified  as  below. 

*Annalet   >!•    '  '  niversiti  de  Lyon.     Noiuielle  serie.     Fascicule  33- 
•  II   '.       Lts  Ci.  phtitlcs  cmiKiili'ri'fs  coiiimi'  iluilrs  ilmililcx. 
^Publications  of  the  Allegheny  Observatory,  2,  p.  155,  1912. 


first,  we  transform  the  light  curve  or  curve  of  varia- 
tion of  magnitude  into  a  curve  of  relative  brightness 
'by  I  he  well  known  formula  : 

Am  =   —2.5  log  — 
h 

What  we  now  want,  to  obtain  from  this  curve  of 
brightness  is: 

1.  The  time  that  the  star  has  its  maximum  radial 
velocity  of  approach  (time  of  maximum  brightness): 

2.  The  time  that  the  star  has  its  maximum  velocity 
of  recession  (time  of  minimum  brightness): 

■I.  The  time  of  periastron  passage,  which  from  the 
consideration  above  can  be  easily  obtained  from  the 
curve  of  brightness  in  the  following  manner,  bay  a 
piece  of  semi-transparent  paper  over  the  curve  of 
brightness  and  copy  on  this  the  curve  and  the  mean 
axis    (or   line   of   middle   brightness),    marking   also    the 

P  3P 

points  0  ,       ,  P  and  —  .      Shifting  this  copy   bodily 
2  2 

p 

along  the  mean  axis  for  a  distance        or  hall  the  period, 

rotate  the  copy  180°  above  the  mean  axis;  that  is, 
turn  the  copy  face  downward  on  the  original  curve, 
keeping  the  mean  axis  in  coincidence,  and  bring  the 

p 
point  Oor  /'of  the  copy  over  the  point  —  of  the  curve. 

The  curves  will  then  cut  one  another  in  general  in 
four  points,  of  which  two  will  be  the  points  of  perias- 
tron and  apastron.  The  periastron  point  will  be  thai 
situated  on  the  branch  of  the  curve  for  which  the 
variation  of  light  is  the  most  rapid*. 

*This  procedure  resembles  the  one  used  by  Schwarzschild  for  de- 
termining an  orbit  from  radial  velocities. 

(57) 
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Now,  when  on  the  axis  of  time  we  know  the  abscissae 
of  the  three  above  points,  these  abscissas  are  the  same 
as  for  the  radial  velocity  curve,  whose  (([nation  is 
(taking  the  mean  axis  as  the  axis  of  abscissas) 


(2 


II  =  K  cos  (v 


where   u    is    the    longitude    of    periastron,    -  the   true 

anomaly  and  K  the  semi-amplitude  of  velocity  varia- 
tion.     Now   if   P'   is   the   foot    of   the   ordinate   of   the 

360' 

~F 

mean  motion,  then  ^  P'Mt  =  Mx  will  he  the  mean 
anomaly  of  the  point  .1  and  —  n  J"M2  =  —  My 
will  be  the  mean  anomaly  of  the  point  B.  If  vx  and 
—  vv  are  their  corresponding  true  anomalies,  it  is  easy 


periastron  point  in  fig.  1  and  if  we  call  n   = 


the 


to  see  from  equation  (2)  that  vx  +  vv  =  180°.  At  A 
we  have  y  =  K  or  cos  (u  +  (7>)  =  1,  hence  vx  +  to  = 
360°  (3).  At  B  we  have  y  =  -  K  or  cos  (v  +  to)  = 
—  1,  hence  —  vv  +  to  =  180°  (4).  If  we  subtract 
(4)    from  (3)   we  have  vx  +  vy  =  180°  (5). 

Having  measured  P'MS  and  P'M\  on  the  curve,  we 
multiply  them  by  n  and  obtain  Mx  and  My.  We  then 
take  these  last  quantities  in  the  Allegheny  Tallies  and 
find  out  in  which  column  the  corresponding  ux  and  vy 
have  a  sum  equal  to  180°.  The  eccentricity  read  at 
the  top  of  the  column  will  be  the  eccentricity  of  the 
orbit.  Moreover  since  vx  +  to  =  360°  the  longitude  of 
periastron  will  he  (7)  =  360°  —  vx. 


We  then  have  all  the  elements  in  a  very  short  time, 
P  and  T  from  the  light  curve  and  the  position  of  the 
periastron  point  without  computation,  then  e  and  to 
from  the  Allegheny  Tallies  as  indicated  above  and  also 
without  computation. 

As  an  example,  the  preceeding  method  was  applied 
to  the  light  curve  of  <5  Cephei  obtained  by  Stebbixs*. 
We  transform  the  light  curve  into  a  curve  of  brightness, 
then  we  find  M,  =  58°. 4,  My  =  40°. 2,  we  find  that  in 
the  column  for  c  =  0.37,  vx  =  101°.6  and  vy  =  78°.4 
so  that  vx  +  vy  =  180°  and  we  see  immediately  that 
the  elements  of  the  orbit  of  o  Cephei  are 

P  =      5.366 

e  =      0.37 

X  =  78°.4 
T  =     J  .77 

It  is  interesting  to  compare  these  elements  with  those 
obtained  spectroscopically  by  BELOPOLSKif. 

P  =      5.366 
e  =      0.36 
X  =  82°.8 
T  =    4d.99 

These  two  sets  of  elements  are  in  good  agreement. 

The  method  could  be  applied  readily  to  many  other 
Cepheids  and  would  give  an  accuracy  comparable  with 
thai  of  longer  methods. 

The  theory  that  Cepheids  are  not  spectroscopic 
binaries  seems  to  have  now  more  and  more  arguments 
in  its  favor  although  it  lias  not  been  established  defini- 
tively. A  study  of  the  light  curves  of  a  greal  many 
( lepheids  and  the  deduction  from  them  of  the  elements 
of  their  possible  orbits  would  throw  some  light  on  the 
subject.  It  seems  that,  at  present,  the  theories  con- 
cerning  Cepheids  are  far  more  advanced  than  the' data 
warrant  and  it  i<  a  fact  thai  very  few  light  curves  of 
Cepheids  have  been   well  determined. 

Alliijln  nil    I  His,  milnril, 

1'iin.  February  /,'. 
*Astrophysical  Journal,  p.  lss,  1908. 
\Pulkovo  Mitteihingen,  III,  No.  28. 


OBSERVATIONS   OF   COMET    191-8   d  (SCHORR), 

By  E.  E.  BARNARD. 


The  comet  was  faint  and  diffused  with  no  special 
condensation  and  hence  the  measures  of  it  will  lack 
the  definiteness  of  those  of  a  more  condensed  comet. 


The    times    given    for    the    observations  are  Central 
Standard  Time,  6h  slow  of  Greenwich  Mean  Time. 
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Mensural 

°ositions 

of  the  <  'omet. 

1918 

Cent.  Stan. 
Time 

A  a 

Ao 

( Jomp. 

n   Appt. 

S   \ppi 

Log.  p  A 

a             5 

Red  to   \|i|.i. 

* 

Nov.  30 

h       m       a 

9  21  59 

+  0  L2.88 

-0  13.3 

5  ,  9 

li    m      s 

1  7     5.  IS 

+  11   19  13.9 

9.3541n 

0.6656 

+  5.44 

+  11'.  5 

1 

30 

10  31  30 

+0  11.36 

-0    5.9 

1  .  (• 

4  7    3.66 

+  11  40  51.3 

9.0492?? 

0.6522 

+  5,14 

+  12.5 

1 

30 

11  55    3 

+0    S.17 

+  0    1.6 

1  .  s 

4  7    0.47 

+  11  49  58.8 

8.7782 

0.6522 

+  5.44 

+  12.5 

1 

Dec.     3 

9  27  52 

-0  17.07 

+  3  15.0 

5  .  6 

4  5    6.59 

+  11  57  44.9 

9.28337! 

0.6599 

+  5.43 

+  12.5 

2 

5 

10  49  40 

-0    0.22 

+  0  33.7 

1  ,  7 

1  :;  19.57 

+  12    4    3.6 

8.3617n 

0.6  17  1 

+  5.50 

+  12.S 

3 

5 

11  53  17 

-0     1.88 

+0  38.7 

7  .  1 

4  3  47.91 

+  12    4    8.6 

9.0086 

0.6493 

+  5.50 

+  12.8 

3 

7 

11  28    9 

+0    3.80 

+  1  47. S 

5,7 

1  2  37.39 

+  12  10  5  1.1 

8.7482 

0.6464 

+  5.52 

+  12.9 

4 

7 

12  14  55 

4-0    2.23 

+  1  53.8 

4  ,  9 

4  2  35.82 

+  12  11     0.4 

9.1931 

0.6561 

+  5.52 

+  12.9 

1 

Measured  Aa  of  Comet  and  Comparison  Stars. 
1918      Nov.  30  Aa  cos 


Dec. 


Nov.  30 
30 
30 

3 
5 

5 
7 
7 


|  L88.97 

+  150.71 
+  119.89 
-250.53 

-  3.20 

-  27.02 
+  55.00 
+   32.75 


Mean   I'liicrs  of  Comparison  Stars. 


* 

a   1918.0 

5  1918.0 

Authority 

1 

2 
3 

4 

h     m       s 

4  6  46.86 
4  5   18.23     • 
4  3  44.29 
4  2  28.07 

+  11   49  44.7 
+  11   54   17.4 
+  12     3   17.1 
+  12     8  53.7 

13  mag.     Compared  with  Leipzig  A.  G.  C.  1221 
12  mag.     Compared  with  Leipzig  A.  G.  C.  1221 
12}^  mag.     Compared  with  Leipzig  A.  G.  C.  1202 
12.8  mag.     Compared  with  Leipzig  A.  G.  C.  1209 

Measures  of  <  'ompa 

rison  Stars. 

Date 

Comparison  Star  —  Known  Star 

A  a 

A  3 

<  ">>ni]>s. 

1918  Nov.  30 

Dec.     3 

5 

7 

Star  1  —  Leipzig  A.  G.  ('.  1221 
Star  2  —  Leipzig  A.  G.  C.  1221 
Star  3  —  Leipzig  .4.  G.  C.  1202 
Star  4  —  Leipzig  A.  G.  C.  1209 

+  0  59.09 
-0  29.54 

+ 1     6.09 
-1   28.60 

-1   51.3 
+  2  41.4 
+  0   19.9 
+  0  57.4 

18  tr,  4 
14  tr,  5 
20  tr,  4 
14  tr,  4 

1918 


Nov.  30. 
Dec.     3. 


Dec. 


Notes  on  the  Comet 
The  comet  was  15  magnitude;    diameter  1'.      Difficult  in  bad  sky. 
The  comet  was  faint,  15  or  153^  magnitude;    1'  in  diameter  and  very  dull  looking 

condensation. 
Comet  16  magnitude. 


very  little 


Dec.     7.     Excessively  faint  in  bad  sky. 

Yerkes  Oli.ii  rrnlnrn,  Villiiin.i  Hit//,   Wixmnsiii 

April  IB,  1919. 
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OBSERVATIONS   OF   ASTEROIDS, 

MADE    WITH    THE    PHOTOGRAPHIC   TELESCOPE   OF   THE    I  .    s.    NAVAL    OBSERVATORY, 

By   GEORGE    H.    PETERS. 
[Communicated  by  Rear  Admiral  T.   B.   Howard,  V.  S.  Navy.  Superintendent. 


Mag. 


Date   1917 


G.  M.  T. 


Astrographic  1917.0 
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The  above  asteroid  observations,  and  those  pub- 
lished by  me  in  Astronomical  Journals  Nos.  079,  G80, 
690, '702,  716,  710,  729  and  7:52  are  to  be  denned  as 
astrographic  positions.  .4.  (-'.  stars  are  usually  em- 
ployed for  comparison  stars,  reduced  to  the  beginning 
of  the  year  by  applying  precession  secular  variation, 
and  when  known,  proper-motion,  to  the  catalogue 
places. 

Three  comparison  stars  arc  always  used,  but  sonic- 
times  more  if  available,  within  a  reasonable  distance, 
and  properly  situated  with  respect  to  the  asteroid. 

These  published  positions  are  the  menus  of  results 
obtained  from  the  comparison  stars,  and  arc  pub- 
lished by  me  for  the  firs!  time  to  the  same  number  of 
places  as  given  in  the  A.  G.  catalogues.  The  probable 
error  of  plate  measurement  with  the  Stackpole  engine 
is  known  to  he  small,  especially  for  the  fainter  stars, 
which  arc  always  employed  when  possible.  By  the 
use  of  several  comparison  stars  the  accidental  error 
of  the  catalogue  places  is  reduced  and  the  computed 
positions  of  the  asteroids  are  more  accurate  than  the 
maximum  errors  of  the  catalogue  places  of  the  com- 
parison stars. 

For  convenience  of  those  discussing  observations  it 
would  seem  best  to  adopt  arbitrary  equinoxes.  The 
most  convenient  epoch  for  the  present  would  appear 


to  lie  1925.0,  which  has  been  selected,  by  the  Rechen- 
Institut  for  minor  planets.  Pending  some  general 
agreement  among  computers  and  observers  regarding 
this  matter.  I  shall  continue  to  use  I  he  beginning  of 
i  he  j  ear  of  observal  ion. 

The  asteroid  1917  IT  15  was  discovered  by  the 
writer  upon  the  plate  with  (25)  Phoccea  Nov.  16,  1917. 
A  series  of  observations  was  immediately  undertaken 
for  deriving  elements  both  with  the  photographic 
telescope,  and  26-inch  equatorial.  Elements  were 
published  in  A.J.  729,  and  "Second  Elements  and 
Ephemeris,"  in  A.  J.  739,  by  Bower  and  Wylie. 

From  the  "Second  Elements,"  Mr.  Bower  com- 
puted an  ephemeris  for  1917  W  15  for  the  oppos- 
ition 1919.  Photographic  observations  on  .Ian.  24, 
27  and  31,  1919,  which  have  been  reduced,  show 
corrections  to  the  ephemeris  Aa  —  19s,  So  —  0'.2. 

In  response  to  the  request  contained  in  A.J.  739, 
Miss  Harwood  of  the  Maria  Mitchell  Observatory. 
Nantucket,  Mass.,  who  had  independently  found  this 
object  on  six  plates,  sent  them  to  the  Naval  Observa- 
tory, wdiere  they  were  measured  and  reduced  by 
Mr.  Bower.  In  case  the  asteroid  1917  W  15  proves 
to  be  new  the  name  Washingtonia  was  suggested  in 
A.J.  729. 


THE   POSITION   AND   PROPER-MOTION   OF  NOVA  AQJJILM  NO.   3, 

By  ROBERT  TRUMPLER. 


The  material  used  for  a  determination  of  the  proper- 
motion  of  Nova  Aquila  No.  3  consists  of  the  following 
photographic  measures : 

1.  Two  measures  of  the  Nona  in  the  Astrographic 
Catalogue.  Zone  Algiers,  Vol.  V: 

No.  4,  plate  341,  center  at  18h  48m,  0°,  1892  August 
13. 

No.  108,  plate  1003,  center  at  18h  40m,  0°,  1895 
June  26. 

2.  The  Nova  was  found  as  a  faint  but  well  meas- 
urable image  on  two  plates  taken  at  the  Allegheny 
Observatory  with  the  3-inch  doublet  camera,  1914 
June  1  and  June  24. 

3.  Shortly  after  the  outburst  the  Nova  was  put  on 
the  parallax  program  of  the  Allegheny  Observatory, 
and  one  of  the  plates  taken  for  this  purpose  with  the 
30-inch  refractor  1918  June  15,  was  measured. 

The  relative  proper-motion  of  the  Nova  was  derived 
from  a  comparison  of  the  last  plate  with  the  Astro- 
graphic  Catalogue,  for  which  the  time  interval  is  twenty- 
five  years.  Ten  reference  stars  were  selected  in  the 
immediate    neighborhood    of    the  Nova,   their  bright- 


ness ranging  between  photographic  magnitude  10.5 
and  12.5,  and  being  in  the  mean  equal  to  the  Nova 
before  the  outburst.  The  annual  proper-motion  of  the 
Nova  relative  to  these  ten  faint  comparison  stars  was 
found  to  be 

H.  =  +0\0()03     ,     fit  =   -0".004 

The  motion  of  the  Nova  therefore  does  not  differ 
appreciably  from  the  mean  motion  of  the  comparison 
stars. 

The  photographic  magnitudes  of  the  reference  stars 
were  determined  from  a  comparison  with  one  of  the 
Harvard  Standard  Regions  (H.  A.  Vol.  LXXI).  By 
mean-  of  the  reference  stars  the  magnitude  estimates 
for  the  Nova  on  the  different  plates  have  been  reduced 
on  the  Harvard  system.  The  four  plates  taken  prior 
to  the  outburst  gave  the  following  results  for  the 
photographic  magnitude  of  the  Nova : 

Astrogr.  Catalogue:       1892  Aug.  13  11.1 

1895  June  26  10.8 

3-inch  Doublet:               1914  June  1  11.5 

1914  June  24  11.5 
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An  attempt  has  further  been  made  to  determine  the 
position  and  the  absoluti  proper-motion  of  the  A^owa  in 
the  system  of  Boss'  Preliminary  dim  ml  Catalogm 
[P.G.C.).  For  this  purpose  a  se1  of  seven  brighter 
comparison  stars  between  the  photographic  magni- 
tudes 0.2  and    10.2,  symmetrically  distributed   around 


the  Nova,  were  selected.  All  the  available  catalogue 
positions  of  these  stars  were  reduced  to  Boss'  system 
and  used  to  determine  the  mean  positions  and  proper- 
motions  of  these  stars  by  least-squares  solutions.  The 
results  are  given  in  Table  1  in  a  form  corresponding 
exactly  to  that  of  the  /'.  G.  C. 


TABLE    1 
Positions  and  Proper-Motions  of  Comparison  Stars 


B.  D. 

Mag. 

H.  A.  and  Deel.  19000 

Epoch 

Annual 

Secular 

Proper-Motion 

Piobable  Errors 

Variation 

a,  o  Epoch 

100/1 

+o°  4018 

8.9 

18h4P 

24s  .326 

L907.3 

+  3-  .0537 

-^.0003 

— s  .0011 

± ' 

'.13 

±".90 

+0°  45' 

49".90 

1908.2 

+3".579 

+  ".437 

-".024 

± 

.14 

±    .94 

+  0°  4023 

8.5 

18h  43" 

34s  .565 

1908.0 

+  3-  .0737 

-■  .0005 

+s  .0008 

± 

.13 

±    .91 

+  0°  24' 

44".28 

L909.0 

+3".756 

+  ".438 

-".033 

zb 

.13 

±    .99 

+0°4026 

8.5 

18''  43" 

;,.v  .us 

1907.6 

+  3-  .0682 

--  .000.') 

+s  .0003 

=fc 

.13 

±    .87 

+  0°  11' 

33".28 

1908.2 

+3".S23 

+  ".438 

+  ".004 

± 

.13 

±    .sti 

+  0°  4027 

6.5 

L8    II 

31s  .480 

IS!  12.0 

+  3S  .054S 

-s.0005 

-s.0010 

± 

.08 

±    .39 

+  0°  43' 

22". 71 

1895.1 

+  3". 835 

+".436 

-".035 

± 

.08 

±    .43 

+  0°  4028 

9.0 

is]i  44' 

49=  .459 

1907.7 

+  3S  .0641 

-s  .0005 

+  *  .0014 

± 

.13 

±    .88 

+  0°  25' 

23". 30 

1908.8 

+  3".S72 

+  ".437 

-".021 

± 

.13 

±    .96 

f  0°  4033 

8.6 

18h  45" 

.->::  .927 

1904.1 

+  3'  .0690 

-"  .0006 

-«  .0004 

± 

.11 

±    .77 

+  0°    7' 

45".87 

1904.0 

+  3".995 

+  ".438 

+  ".006 

± 

.11 

±    .75 

f0°  4035 

7.9 

18h  46" 

10s  .304 

1904.6 

+3S  .0576 

-B  .0005 

+  s  .0016 

zfc 

.12 

d=    .67 

+0°  42' 

57". 63 

1901.8 

+  4". 003 

+  ".436 

-".008 

* 

.12 

±    .54 

By  means   of  these   seven   reference   stars   the   pho-  I   Boss'  system,  as  given  in  Table  2. 
tographic   measures  of  the  Nova   could   lie   reduced   to 

TABLE   2 
Observations  of  Nova  Aquilm  No.  3  Pedvced  to  Boss'  System 


S\  .-i  mi  <  lorr. 

R.  A.  1900.0 

Wt. 

Decl.  1900.0 

Wt. 

Epoch 

- 1900 

O-C 

Astrogr.  Cat.  pi.  :*.  1 1 
1003 
2  Double!  plates 
30"  refractor  plate 

--.038      +".02 

-  .036     +    .11 

.034       -    .52 

.034      -    .52 

IS1'  43-  48s.383 
.374 
.395 

.3(iS 

2.0 
1.5 

3.5 
8.0 

+  0°  28'  20".59 
.92 
.36 

.27 

3.0 

2.5 

4.0 

11.0 

-  7.4 

-  ~).r> 

+  14.5 
+  18.5 

5.000    -".17 

-  .008   +    .22 
+  .(MS   +    .01 

-  .007   -    .01 

The  four  positions  with  the  weights  indicated  in  Table  I  position   and  proper-motion  of  the  Nova   fur  epoch   and 
2  gave  by  least-squares  solutions  the  following  mean  |  equinox  1900.0  in  the  P.  G.  <'.  system. 

Annual  and  Secular  Variation  Proper-Motion        l'rob.  E.  Epoch        Prob.  E.  100/( 

+38.0612  -0s  .0005  -0s  .0003  ±0".08  ±0".77 

+  3".7!)()  +0".436  -0".018  ±0".07  ±0".63 


Posit  ion 

Epoch 

is''  I3m  is 

,:;si 

101  l.S 

+0°  28'  20' 

02 

1011.1 

These  data  are  strictly  comparable  to  those  of  Boss' 
catalogue  and  their  form  will  easily  permit  improve- 
ment by  additional  observations  according  to  the 
method  described  on  p.  xxxiii  of  the  /'.  G.  C. 

Expressed    in    distance   and    position-angle   the   cen- 
tennial proper-motion  of  the  Nova  is 


1".85  in  position-angle  194° 
The  position-angle  of  the  antapex  of  the  Sun's  motion 
at  the  Nova  is  164°.  On  the  supposition  that  the 
component  of  the  motion  of  the  Nova  in  this  direction 
is  principally  a  reflex  of  the  Sim's  motion,  the  parallax 
of  the  Nova  would  be:    ?r  =  +0".006. 
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Before  its  outburst  the  Nova  was  a  star  of  about 
the  11th  magnitude  with  a  centennial  proper-motion 
of  1".85.  Van  Rhijn's  tables  (Ap.  J.  43,  p.  36)  of  the 
mean  parallaxes  of  stars  of  given  magnitude  and 
proper-motion  would  give  for  such  a  star  a  hypothetical 
parallax  of:     tt  =   +0".003. 

We  may  therefore  say  that  the  proper-motion  of  the 
Nova  indicates  a  parallax  of  the  order  of  0" '.005  or  a 
distance  of  the  order  of  050  lisjht  years. 


At  a  distance  corresponding  to  a  parallax  of  0".l, 
the    absolute    photographic    magnitude    of    the    Nova 

would  then  be  5.0  before  I  he  outburst  and  —  7  to  —8 
at  maximum,  or  the  Nova  would  have  increased  from  a 
star  of  about  I  he  same  luminosity  as  the  Sun  to  one 
a  hundred  thousand  times  more  1    minous. 

A  more  complete  accounl  of  this  determination  of 
the  position  and  proper-motion  of  the  Nova  will  be 
given  in  t  he  Publications  of  i  he  Allegheny  <  observatory. 


STELLAR  PARALLAXES, 

DERIVED    FROM    PHOTOGRAPHS    MADE    WITH    THE     10-INCB    REFRACTOR    '<[■    THE    YERKES    OBSERt   \l"i,i 

By  <;.  VAN  BIESBROECK  am.  Mrs.  HANNAH  STEELE  PETTIT. 


The  present  list  of  determinations  of  parallax 
summarizes  the  results  that  have  been  obtained  since 
Part  1  of  Vol.  IV  of  the  Publications  of  the  Yerkes 
Observatory  was  issued.  The  details  of  the  present 
series  will  appear  soon  as  Part  3  of  the  same  volume. 

There  are  50  parallaxes  measured  in  this  list,  but 
some  of  them  refer  to  the  two  components  of  double 


stars,  so  that  only  50  different  fields  have  been  used. 
The  columns  of  the  table  (which  is  arranged  like 
that  in  Astronomical  Journal  No.  007)  require  no 
explanation  except  the  one  headed  n„.  This  gives  the 
values  obtained  for  the  proper  motions  in  right  ascen- 
sion as  deduced  along  with  the  parallaxes.  The 
parallaxes  have  been  measured  in  right  ascension  only. 


Star 


B.  D.  No. 


Mag. 

and 

Spectrum 


Relative 
Parallax 

Probable 
Error 

No. 
of 

Plates 

No. 

( '(imp. 
Stars 

M., 

Mean  Mag. 

of  Comp. 
Stars 

+  0.056 

±.008 

11 

5 

+  0.193 

n 

+   .001 

.016 

10 

3 

+ 

.038 

10K 

+   .045 

.1)05 

15 

:; 

- 

.010 

l<>>. 

+   .064 

.015 

9 

0 

+ 

.128 

9^ 

+    .029 

.010 

18 

4 

+ 

.01  1 

10^ 

+    .035 

.008 

11 

5 

_j_ 

.014 

11 

+   .048 

.006 

14 

4 

+ 

.087 

10 

+   .047 

.010 

1!) 

4 

+ 

.006 

10 

+    .005 

.011 

15 

5 

+ 

.001 

10 

+   .018 

.013 

12 

4 

+ 

.012 

my2 

+   .015 

.006 

14 

1 

- 

.014 

QlA 

+   .048 

.009 

10 

5 

+ 

.000 

ioy2 

+   .014 

.015 

12 

5 

- 

.000 

10'., 

-    .025 

.010 

12 

5 

- 

.003 

Ill', 

+  .063 

.008 

17 

5 

- 

.017 

10 

+   .053 

.010 

17 

5 

- 

.012 

10 

+   .307 

.009 

15 

5 

- 

.0  10 

10 

+    .021 

.010 

12 

5 

+ 

.001 

11 

+    .057 

.010 

16 

5 

+ 

.005 

10 

+   .077 

.010 

16 

5 

+ 

.011 

10 

+   .100 

.009 

11 

3 

- 

.178 

ny2 

+   .067 

.008 

15 

5 

+ 

Dill 

ii 

+    .006 

.015 

12 

4 

+ 

.027 

11]  2 

+    .057 

.008 

11 

4 

— 

.011 

10 

+   .382 

.011 

9 

4 

- 

.045 

11 

Htjbble's  p.  m.  star . 
48  cj  Andromi  da 

7  Ceti 

•  Persei 

W.B.  3h  167 

A.G.  Berl.  B  1231.  .  . 

Gr.  C.  745 

Aldebaran 

13  Tauri 

5  Auriga 

A.G.    Cambr.   2935.  . 
Oxf.  ph.  25°  21321.  . 

B.G.C.  3499  A 

B.G.C.  3499  C 

<  'astor  A 

Castor  B 

Procyon 

WB  7h  1029 

f  ( 'ancri  AB 

<  <  'ancri  C 

B.D.  67°  552 

Lai.  19022 

Lai.  19229  .    

7  Sextantis 

Lai.  21185 


0  45 

1  22 

2  38 

3  2 
3  11 
3  40 

3  48 

4  30 

5  20 

5  51 

6  0 
6  10 
6  32 


7  28 

7  34 

7  38 

8  6 

8  27 

9  37 
9  43 
9  47 

10  58 


+  57  45 
+  44  53 
+  2  49 
+  I!)  14 
+30  40 
+  22  23 
+  75  53 
+  16  18 
+  28  31 
+  54  17 
+  20  34 
+  25  15 
+  12  14 

+  32    6 

+   5  29 

+  39  49 
+  17  57 

+  67  38 
+  43  10 
+  14  14 
+  2  55 
+  36  38 


+  44 
+  2 
+  49 
+  30 

+  22 
+  75 
+  16 
+  28 
+  54 


307 
422 
857 
510 
583 
154 
629 
795 
970 


4-26  1067 
+  25  1188 
+  12  1219 
+  12  1222 
f32  1581 

+  5  1739 
+39  2001 

+  18  1867 

+  67  552 
+  43  1958 
+  14  2151 
+  3  2280 
+  36  2147 


11.5   . 
5.0  F5 

3.0  .1 
4.2  G 
9.2  .  . 
8 

8.2  .. 

1.1  A5 

1.8  £8 

3.9  K 
8.9  .. 

9.2  .  . 
7.9  . 
8.5  .  . 
2.0  A 
2.9  .4 
0.5  F5 
7 

4.7  F 
o.l  F 

9.3  .  . 


6.2  1A 

7.5  .  . 
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B.  D  No. 


Mag. 

and 

Spectrum 


Relative 

Parallax 


Probable 
Error 


No. 

of 

Plates 


No. 
Comp. 

Stars 


Mean  Mag. 

of  Comp 

Stars 


B.D.  28°  2078 

5  Corvi 

P  612 

2  in:;:,  -i         

Z  1835  BC 

.[.(,.  Cambr.  7086 

■)   Corona 

II  .B.   10M00 

0  lit  rculis 

4 1  Hi  rculis  .1 

1 1  //<  rculis  l> 

B.G.C.  7783 

Lai.  31(15.') 

77  Hi  rculis 

B.G.C.  8038 

26  Draconis 

Barnard's  p.  m.  star 
Vega     

27  //'  i  'mini 

,i  Delphini 

Lai.  40728 

Pots.  ph.  PI.  1214,  No.  60S 
Lai.  40844 

1  Pegasi 

71  g  ( '//</'"    

B.D.  53°  2911 
<7  Pegasi ... 

2  .1  ndromeda 

/3  80 

M«,  32805 


li   in 

12  1 

12  25 

13  35 

14  18 

15  3 

15  39 

16  24 

16  38 

it;  39 

16  48 

17  0 

17  24 

17  25 

17  34 

17  53 

18  34 

20  3 

20  33 

20  56 

20  56 

21  0 

21  17 

21  26 

22  28 

22  47 

22  58 

23  14 

23  45 

+  28  3 

-15  58 

4- 1  ]  1 . 5 

+  S  54 

4-25  is 

4-26  37 

+  3  20 

+  31  47 

+  li  17 

+28  50 

-  4  54 

+48  21 

-  0  59 

+  01  57 

+  4  25 

+  38  41 

+35  42 

+  14  15 

+  39  52 

+  39  41 

+  0  41 

+  19  23 

+46  6 

|  53  10 

+  9  is 

+  42  13 

+  4  52 

+  2  19 

+  28  2078 
-15  3482 

+  11  2589 
+  9  2882 

+  25  2874 
+26  -27-2-2 

-  :;  3203 
+31  2884 
+  6  3288 

+  28  2624 

-  4  4225 
+482517 

-  0  3300 

+  01  1078 

+  38  3238 
+35  3050 
+  14  4300 
+  30  4400 

f  0  17  11 
+  19  tool 
4  15  3558 

+53  2911 
+  9  5122 
+  41  4005 
r  1  100  1 
J-  2  1723 


9.1  .  . 

3.0  .4 
5.5  4 

5.1  .4 
6.6 
9.2 
3.8  .4 
9 

2.N  G 
7 
10 
7 

7.5  .  . 

5.8  .4 
5.3  G 
5.3  F 
9.7  M 
0.1  .41 
5.5  K 
3.7  Fb 

6.9  . 
10 

8.4 

4.3  K 

5.3  A" 
10 

5.3  F 

5.1  ,42 

8.0  .  . 

8.5  .  . 


+  .017 

+  .020 

+  .019 

+  .012 

+  .010 

+  .079 

-  .007 
+  .027 
+  .095 
+  .011 
+  .014 
+  .021 
+  .050 
+  .009 
+  .067 
+  .107 
+  .509 
+  .114 
+  .045 
+  .043 
+  .027 
+  .081 
+  .033 
+  .012 
+  .013 
+  .027 
+  .043 

-  .025 

-  .001 
+  .036 


±  .022 
.005 
.008 
.012 
.015 
.008 
.012 
.015 
.010 
.010 
.007 
.008 
.012 
.006 
.015 
.010 
.000 
.010 
.007 
.006 
.011 
.009 
.014 
.012 
.008 
.012 
.000 
.013 
.009 
.009 


-0.028 

-  .010 

-  .006 

-  .002 

-  .003 

-  .061 

-  .009 

-  .001 

-  .041 

-  .015 

-  .014 
+  .006 


.000 

-  .007 
+  .036 

-  .044 
+  .016 

-  .019 
+  .008 
+  .019 
+  .007 
+  .005 
+  .005 
+  .004 
+  .153 
+  .033 
+  .006 
+  .032 
+  .029 


10 

9 

11 

Wi 
9H 

10'., 
10 

10M 
9M 

101  ., 
10H 

11 
10 

ioy2 
ioy2 

10 
10 

ioy2 
\oy2 
ioy2 

10 

n 

9H 
10M 
10 
10 

11 

10 


CORRECTION   TO   PRELIMINARY  GENERAL  CATALOGUE, 

By  BENJAMIN  BOSS. 

My  attention   was  called  by  Professor  Hough  to  an  evident  error  in  the  right  ascension  of  P.G.C.  4001. 

()n    examination  of  the  computation  sheets  the  error  was  found  to  be  due  to  the  inadvertant  comparisi f 

a    looo   position    with  the  seconds  of   the  1920  position  given   by    the    provisional    ephemeris.     The    amended 
posit  ion  is: 

P.G.C.    1061  A..V.  S.V.  ;< 

l.Y    ;>+    11. 186  +4S.0709  +s.0303  -.004.,  ".508  Afi'  =  -1 
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MEASURES   OF   DOUBLE   STARS   DISCOVERED   SINCE    L905, 

MADE    WITH    THE    28-INCH    REFRACTOR    OF    THE    ROYAL    OBSERVATORY,    GREENWICH, 


\U    KOBERT   JONCKHEEHE. 


This  series  of  measures  is  independent  of  that 
started  in  A.  ./.  721  and  735,  the  present  observa- 
tions being  solely  of  stars  selected  from  my  new  Cat- 
alogue of  Double  Stars  (R.  A.  S.  Memoirs,  Vol.  LXI). 

All  the  measures  were  made  with  the  Greenwich 
28-inch  refractor.  I  must  again  express  my  gratitude 
to  the  Astronomer  Royal  for  allowing  me  to  publish 
these  results. 

For  the  sake  of  uniformity,  1  have  followed  I  he  plan 
adopted  by  Mr.  C.  P.  Olivier  in  A.  J.  733  and  have 
bracketed  the  reference  number  to  the  above  catalogue 
in  order  to  avoid  confusion  with  Btjrnham's  catalogue 
numbers.  As  the  coordinates  of  these  stars  are  given 
for  1920  in  the  reference  catalogue,  these  figures  are 
not  repeated  here. 

With  regard  to  my  measured  distances,  I  do  not 
think  that  the  residuals  Olivier — Jonckheere, 
given  by  Mi;.  Olivier  (.4../.  714  and  733)  definitely 
prove  that  my  measures  are  0".31  too  small.  <  >ne 
might  perhaps  feel  inclined  to  divide  this  difference 
between  the  two  observers.  Only  three  of  the  J  stars 
measured  by  Mr.  Olivier  had  been  previously  meas- 
ured in  America,  but  these  give  the  following  com- 
parison: 

I  think,  personally,  that  this  method  of  comparison 
is  objectionable,  and  it  is  for  this  reason  that  I  have 
not   answered   Mr.   Olivier's  first   paper,   (A.  J.   714). 


(4)  J  865     9.3 


10.0 


1916.890 

17.'.  (25 
18.887 


75.2  1.09 
71.6  1.21 
76.6         1.29 


1917.90 

AC 

1917.925 

Is.ssT 
1918.41 


74.5 


9.4  —  9.4 


1.20 


9.8  25.60 
7.1  25.69 
8.5      25.65 


J 


1320     B.D.  +19°  5207 
O1' 2">  7s      +19°  36' 
9.5—  11.5 

3.00 
3.40 
3.20 

9.0 
0.42 
0.60 
0.51 


1917.953 
18.085 

320.0 
323.2 

1918.02 

(19)  A 

1916.906 

17.947 

321.6 

1801  9.0 
L91.0 
195.2 

1917.43 


193.1 


1913.09 
1917.85 


1913.16 
1917.91 


1912.23 
1917.12 


211.2 
209.1 


190.0 
188.1 


110.9 
111.0 


(893)     J  7 

1.09 

1.78 

(1137)     J    IS 

0.74 
1.64 

(2095)     J  82 

1.79 
2.05 


4  it 
2« 


:hi 


■A  i, 


Doo. 
Oliv. 


Doo. 

Oliv. 


Doo. 
Oliv. 


All  one  should  do,  is  to  take  the  arithmetic  mean  of  the 
observations  as  giving  probably  the  best  representa- 
tion of  the  true  position. 

As  I  mentioned  in  the  introduction  to  my  catalogue, 
observers  will  find  a  very  different  order  of  accuracy 
to  that  of  the  usual  double  star  measures  when  they 
start  to  re-observe  these  recently  discovered  stars. 
Mr.  Olivier  mentions  that  these  stars  are  very 
difficull  objects  even  with  a  26-inch  refractor.  I  have 
found  the  same  difficulty  here  with  the  28-inch  ami  I 
believe  that  for  these  faint  stars,  even  measures  in 
good  agreement  are  often  deceptive. 


(22)  J  867 

8.9  — 

11.2 

J  1321 

B.D.  +14°  21' 

Q 

„ 

0"  12" 

6s  +15°  11' 

1916.906  • 

183.0 

1.24 

9.6—  14.2 

17.925 

185.2 

0.90 

1916.800 

101.0    2.57 

1917.42 

184.1 

1.07 

18.085 

105.0   2.26 

1917.44 

103.0   2.42 

(28)  J  216 

10.2- 

-  10.2 

(39)  J 

869  9.5  —  9.5 

1916.890 

164.6 

2.91 

1917.947 

248.2    1.00 

16.906 

169.0 

3.26 

is.  (is:, 
1918.02 

252.4    1.17 

1916.90 

166.8 

3.09 

250.3    1.09 

(65) 

66 
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(45)  J  218     9.9—  11.8 


1916.895 

17.92:, 


0.3 

2.0 


3.64 

4.0(1 


1917.41 


1.2 


3.82 


16     .1    920     9.7—  10.2 
1916.895         197.2        2.07 
18.079        212.6        2.17 


1917.49 


2114.9 


2.27 


(60)  J  631     9.6  —  9.7 
1916.895         111.0        4.04 
l.s.079        112.2        3.41 


1917.49 


111.6 


3.73 


(61)  J  032  9.4  —  9.4 
1910.895    84.2    1.65 
18.079    83.8    2.09 


1917.49 


84.0 


(68)  J  871  9.7 

1916.895   358.6 

17.925    356.0 


1.87 

9.7 
1.81 

2.07 


1917.41 


357.3 


(69)  J  168  9.3 

1916.895    173.2 

17.925    169.8 


1.94 

9.3 

1.24 
0.96 


1917.41 


171.5 


1.10 


AC  h   1970  9.3—  11.8 
1916.895   262.2   12.33 
17.925    264.6   12.36 


1917.41 


263.4   12.35 


(70)  .)  633  9.5—  12.5 
L916.895    308.0    1.80 
18.082   305.2    1.85 
18.085   302.8   2.01 


1917.69 


305.3    1.89 


(72)  J  584  8.9—11.9 
1916.895    174.0   2.71 
17.925    174.0   3.14 


1917,1! 


171.0 


(73)  .1  634  9.8 

1916.895    270.(1 

17.925    275.0 

1917.41 


2.93 

I  1.8 
2.05 
2.32 


(77)  J  921  9.2  —  9.2 


1916.890 
16.895 


234.0 
234.0 


3.13 
2.87 


1916.89 


234.3    3.00 


(85)  J  923  9.4 

1916.895    219.8 

17.099    221.8 


9.1 
I.].' 
4.40 


1917.00 


220.8    4.26 


(93)  J  585  9.0 

1916.895    213.2 

18.082    216.0 


9.2 
1.44 

1.21 


1917.49 


214.0    1.33 


(107)  J  636  9.3 

1916.895    264.8 

18.082    262.6 


1917.49 


203. 


(109)  J  223  9.3 

1916.895    99.0 

18.082    99.0 


1917.49 


99.3 


(110)  .1  924  9.3 

1916.895    304.0 

17.099    305.0 


10.1 
1.72 
2.08 
1.90 

9.;, 

1.18 
1.00 
1.09 

-9.5 
3.40 
3.34 


1917. (Ml 


304.8 


(124)  J  637  9.6 

1916.895    173.8 

18.123    171.0 

IS.  126    174.8 


1917.71 


173.4 


(127)  .1  638  9.7 

1916.895    200.0 

18.120    208.2 


1917. .".1 


207.1 


(136)  .1  5S0  9.4 

1916.895    224.2 

18.085    222.0 


3.37 

10.2 
2.80 
2.39 

2.35 
2.51 

9.7 

3.31 

3.02 

"307 

9,1 

1.12 

1.18 


1917.49 


223.1 


I  19  .1  873  9.8 

1910.901    207.2 

18.126   213.6 


275.5    2.19  I  1917.52 


MO.  1 


1.15 

12.0 
2.53 
2.89 
2.71 


(150)  .1  874  9.9  —  12.8   (236)  J  228  8.8 


1916.895 

18.126 


339.6 
343.6 


3.68 

3.78 


1917.51 


341.6    3.73 


(163)  J  926  9.8  —  10.5 

1916.904    131.2    2.53 

18.126    118.0    1.93 


1917.52 


124.9 


(170)  .1  515  9.1 

1916.904    186.6 

18.126    189.8 


1.23 

9.1 

3.02 

2.95 


1917.52 


(181)  J  224  8.8 

1916.904    267.0 

18.126    256.6 


1917.52 


20I.S 


2.99 

12.5 
4.22 
4.58 
4.40 


(190)  J  225  9.9—  10.3 

1916.904    210.2    2.44 

18.994    207.0    2.75 


1917.95 


208.6    2.60 


AC     9.9—11.2 
1916.904    201.8   25.89 
18.994    203.0   20.48 


1917.95 


202.4   20.19 


(191)  .1  220  9.3  —  9.8 
1910.90  1     00.4    3.94 
18.991     64.0    4.42 


1917.95 


05.2 


Lis 


200)  I  227  9.5—  12.3 

1916.904    180.8    2.93 

18.994    170.0    3.13 


1917.95 


178.4 


3.03 


(204)  .1  639  9.9  —9.9 

1910.901    120.S   4.18 
IS. 994    127.2    l.ss 


1917.95 


127.0 


1.53 


227)  .1  Olo  9.2  —  9.2 
1910.904    38.8    1.00 
18.99  1    39.4    1.05 


1917.'.).-, 


39.1 


1.06 


1910.901 
18.994 


102.2 
102.8 


10.3 


3.10 
3.62 


1917.95 


102.5    3.36 


(407)  A  2023  9.2  —  9.2 


1916.906 
17.121 


229.0 
226.4 


0.57 
0.64 


1917.01 


22S.0    0.61 


(516  )  A  2344  8.6  —  9.7 

1917.121    184.6    1.11 
17.153    184.4    1.21 


1917.14 


184.5 


(545)  A  2420  8.6 

1917.121    271.2 
17.123    269.2 


1.16 


-9.8 

1.91 
2.33 


1917.12 


270.2    2.12 


(595)  J  306  9.2  —  9.7 


1917.121 

91.6 

1.85 

17.123 

89.8 

1.97 

1917.12 

90.7 

1.91 

(630)  A 

1298  8.6- 

-  10.5 

1917.071 

141.4 

1.35 

17.121 

145.6 

1.22 

1917.10 


143.5 


1.29 


(686)  A  2036  9.3—  10.8 

1917.071    288.2    2.74 
17.123    286.6    2.33 


1917.10 

287.4 

2.54 

(793)  J 

323  7.9 

-9.8 

1917.121 

105,1 

2.95 

18.134 

166.0 

3.56 

1917.03 


165. 


3.20 


(909)  .1  210  9.2  —  9.2 
1017.121   :!:;i.s   3.88 


1 7.20S 
17.222 


329.8 
331.8 


3.78 
3.62 


1917. IS 


332. 1 


3.76 
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J  1322  B.D.   +llc 
51.54m  47s  +  11° 

9.3  —  9.4 

us;. 

4' 

1917.107 
18.085 

217.4 
218.2 

2.05 
1.89 

1917.60 


217.8 


1.97 


(1055)   J  407     8.6—  10.2 

1917.121  194.2         2.05 

17.318  199.0        2.51 

18.134  195.4         2.09 


1917.52 


196.2 


.1    L323     B.D.  +9°  1067 

5h  58ra  34s      +9°  46' 

9.8  —  9.9 


1918.134 
18.994 


146.S 
148.0 


0.93 
0.80 


1918.56 


147.4 


0.87 


(1114)  J   255     9.4  —  9.5 

1918.079        131.8        2.56 
18.082         126.6         3.08 


L918.08 


129.2 


2.82 


12.3 


(1195)   J   718     8.9 

1918.079        153.0        3.32 
18.082         156.0        3.70 


1918.08 


154.5 


(1197)    J  974     9.8 

1917.107        201.4 
18.079         196.0 


3.51 


10.0 

4.28 
4.56 


1917.59 


19S.7 


4.42 


(1200)   .1  346     9.S—  10.0 

1917.107  221.2         1.48 

18.079  216.0        2.27 

18.082  212.2         2.05 


1917.76 


216.5 


1.93 


J    1324     Anon. 

6h  17"'  28s      +11°  5' 

10.2—  13.5 


1918.079  67.0 

'8.082  71.4 


3.35 
2.81 


1918.08 


69.2        3.08 


(1201)  .1    258     9.2—10.2       (1334)  .1  989     9.0  —  9.7 


1917.107  260.2  1.97 
18.079  261.8  2.05 
18.082         200.0         2.5  4 


1017.70 


260.9 


2.19 


(1202)   .!   410     9.5  —  9.7 


1917.107 
18.079 


352.0 
352.6 


2.71 
3.20 


1917.59 


352.3 


2.96 


(1203)   .)   347     7.8  —  10.8 


1918.079 
18.082 


162.6 
L63.8 


1.97 
2.33 


1918.08 


L63.2 


2.15 


(1214)  J  53     6.9—10.5 

1917.107         127.6        1.57 
18.082         127.6         2.02 


1917.59 


127.6 


1.80 


AC     6.9  —  9.8 


1917.107 

18.082 


103.4 
103.5 


33.05 
33.95 


1017.59 


L03.5      33.80 


(4215)   J   688     9.4—  10.1 


1917.107 
17.329 
18.082 


111.4 
114.5 
109.0 


1.29 
1.27 
1.87 


1917.47 


111.6 


(1210)   J   259     8.5 

1918.082        319.6 
18.162        320.6 


1.48 


10.4 

5.39 
5.25 


I91S.12 


320.1         5.32 


9.1 


(1245)  J  660     9.1 

1917.107  99.0        2.16 

17.307  99.2         2.75 


1917.21 


99.1 


2.46 


(1270)   J   982     9.1  —  9.6 

1917.107         223.0         2.71 
17.307         226.0        3.20 


1917.21 


224.5 


2.90 


1917.208 
17.307 


9S.4 
91,1 


1.1S. 

1.51 


1917.20 


9  1.9 


(1340)  .1  412  9.2 

1917.208    23.2 
17.307     24.6 


1.35 

9.6 

3.95 
l.i:; 


1917.26 


23.9 


4.19 


(1344)  A  2823  8.7  —  9.4 


191  7.20S 
17.307 
1917.26 


290. s    4.22 
298.4    4.26 


297.6    4.24 


(1354)  J  667  9.2  —  9.8 

1917.208     72.2    3.59 
17.307     75.2    3.90 


1917.26 


73.7 


3.75 


(4356)  .1  1106  9.4  —  9.7 

1917.208    258.4    1.36 
17.307    263.0    1.93 


1917.20 


260.7 


1.65 


(1357)  J  267  9.3  —  9.3 

1917.123  83.2    1.70 

17.181  S9.3    1.42 

17.208  87.7    1.72 

17.212  87.2    1.95 

18.079  86.6   2.07 


1917.36 


so.s 


1.78 


(1364)  .1  724  9.6  —  9.8 

1917.208    172.8    2.85 
17.307    166.6    2.32 


1917.26 


109.7 


2.59 


AC     9.0-  12.9 


1917.60 


338.3 


4.29 


194  7.123 
18.079 


219.0 

21  l.o 


10.74 
11.22 


1917.60 


216.8   10.98 


(1426)  .1  000  9.3  —  9.7 

1917.123  64.2    3.45 

17.307  Os.s    4.26 

IS.  134  00.0    3.77 


1917.52 


64.3    3.83 


.1  1325  B.D.   +5°  1475 

6h51m32a  +5°0' 

9.4—  11.0 

1918.134    153.2   2.92 

18.894    151.4    2.48 


1918.51 


152.3 


(1435)  J  276  9.8- 

1917.123     14.0 
18.079     23.4 


2.70 

10.7 

1.20 

1.66 


1917.60 


18.7 


1.43 


(1484)  J  728  8.6  —  9.3 


1917.123 
17.307 


68.0 

72.8 


2.57 

2.80 


1917.22 


70.4 


2.69 


(1642)  J  45  9.4—  10.2 

1917.123    188.8    2.47 
18.134    180.2   2.53 


1917.63 


184.5 


(1688)  .)   40  9.3 

1917.123    277.0 
17.222    281.0 


2.50 

1  1.9 

1.29 

2.05 


1917.17 


279.0    1.67 


(1693)  J  69  9.2—  11.2 


(1366)  .J  268  10.2- 
1917.123    353.4 

-  11.1 

4.44 
3.97 

1917.123 
17.222 

256.8 
260.0 

1.50 

2.27 

17.307    346.6 

1917.17 

258.4 

1.89 

1917.22    350.0 

4.21 

(1826)  .) 

735  8.9  - 

-8.9 

(1124)  J  273  9.0- 

-  9.0 

1917.222 

158.0 

2.67 

1917.123    336.4 

1.29 

17.298 

155.0 

2.39 

18.079    340.2 

4.2S 

17.348 

150.4 

2.35 

1917.29 


154.7 


2.47 


lis 
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(1839)    Van  3     9.0  —  9.2     (1986)  A  2564     9.1  —  9.1 


1917.123 
17.222 
17.298 
17.:;  is 
1S.222 


91.6 
92.6 
93.8 

92.2 
92.0 


1.93 
2.'33 

1.97 
l.!ll 
2.41 


1917.44 


92.4 


2.11 


(I860)  .1  744  it. 4  —  11.6 

1917.123  256.6    1.56 

17.222  204.2    2.19 

L7.298  264.6    1.67 


L917.21 

(1872.  .1 

1917.211 

L7.298 

17.348 

18.2.57 


261.8 


1.81 


7  8.9  —  9.3 

140. (i  1.4S 
143.4  0.8S 
134.4  0.90 
148.8   0.94 


1917. .53 


141.8 


1.05 


(1895)  J  804  9.5  —  10.8 

1917.211  277.0    3.22 

17.222  276.2   3.26 

17.298  275.2    2.89 


1917.24 


276.1 


(1898)  A  25.56  9.0 
1917.222    319.4 
17.312    307.0 


3.12 

-  9.7 
1.03 
0.93 


1917.27 


313.2 


(1923)  , J  387  10.5 

1917.211   359.8 

17.222    359.0 


0.98 

11.1 
4.62 
1.38 


1917.22 


359.4 


(1911  .1  7s  9.3 

1917.211.   210.2 

17.307    207.8 


4.50 

10.0 
3.92 

3.53 


1917.20 


209.0    3.73 


(1954)  A  2701  8.8 
L917.222    239.0 

17.312    23S.O 


-9.0 
0.55 
0.60 


1917.27    238.5  0.58 

(1960)  \  2560  8.7  9.3 

1917.222     12.4  0.86 

17.312      1.1  (I.  (i| 


1917.27 


8.4 


0.90 


1917.222 
17.312 


271.0 
270.8 


0.03 
0.58 


1917.27 


270.9    0.61 


(1996)  A  2704  9.0 

1917.222     3.4 

17.312     0.8 


11.0 
1.47 
1.03 


1917.27 


2.1 


1.2.5 


(1997)  A  2500  9.0  —  10.0 

1917.222    84.0    1.32 

17.312    81.4    1.00 


1917.27 


82.7 


1.19 


(2003)  J  1120  9.2  —  9.6 

1917.211  307.S    2.20 

17.311  301.0    2.05 

17.348  304.0    2.05 


1917.29 


304.5 


2.12 


(2092)  .1  81  9.1—9.4 
1918.216    140.0    1.77 
1S.337    141.1    1.02 


L918.28 


140.0 


1.70 


(2097)  .1  1011  9.1  —0.3 

1918.216     70.0    2.05 
18.337    69.6    2.35 


I91.S.2S 


09.8 


(2133)  .1  s7  8.5 

1017.211  130.4 

17.222  135.8 

17.312  130.0 

17.449  138.2 


2.05 

11.5 

1.71 
1.01 
1.29 
1 . 1 .5 


1917.30 


135.3 


1.44 


'2211)  .1  432  8.4  9.1 

L917.307  204.0  0.98 

17.312  270.0  0.63 

17.468  200.S  0.70 


1917.30 


205.3 


0. 


(2225 1  A  L785  0.0  —  10.2 

1917.307  124.6   2.05 

17.312  122.4    1.45 

17.408  132.2    1.83 


(2230)  A  1786  9.3—10.2 


1917.307 

17.312 
17.40S 


93.0 
93.0 
95.2 


4.82 
5.04 
5.28 


1917.30 


93.7    5.05 


1017. 30 


120,1 


(2245)  A  2585  8.8 

1917.307    230.0 
17.312    230.8 


1917.31 


230.7 


(2295)  A  2065  8.7 

1917.307  339.4 

17.312  341.2 

17.400  330.4 

17.408  337,1 


1917.39 


33S.6 


(2307)  .1  1121  9.3 

1917.307  159.6 

17.312  15o.s 

17.468  154.2 


1017.30 


157.0 


(2315)  J  439  9.4 

10  17.307  239.4 

17.312  241.2 

1710S  23.5.0 


1917.36 


23S.5 


—  9.0 

0.81 
0.66 
0.74 

-10.0 

1.93 
1.86 
1.61 
1.89 
1.82 

-  10.5 

3.50 
3.23 
3.68 
3.47 

11.2 

3.35 
3.52 
3.35 
3.41 


(2317)  A  21100  s.s   s,s 

0.24 
0.28 

0.20 


1015.320 
17.5  IS 
1916.42 


216.8 
213.0 
215.2 


(2321)  .1  1122  9.2 

1917.307 
17.312 
(7.468 


275.  I 
274.2 
275.2 


1917.36 


274.9 


2332     A  2071    8.5 

1916.380  260.6 

17,500  260.0 

18.405  264.3 


L.78      1017.13 


201.0 


-  9.9 

1.29 
1.00 
1.27 
1.19 

9.0 

0.64 

0.90 
0.84 
~0\79 
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(2335)  J  440    9.3  —  9.3 


1917.307 
17.312 
17.400 
17.468 


41.2 
44.0 
39.4 
43.0 


1917.39 


41.9 


(2357)  J  1030  9.9 

1917.307  62.6 

17.312  61.2 

17.468  60.4 


1917.30 


01.4 


2.98 
2,50 
2.65 
2.33 
2.63 

10.6 

3.58 

3.41 
4.22 
3.74 


(2370)    J    442    9.5—11,5 


1917.307 
17.312 
17.40S 
L8.405 


88.2 
89  1 
91.2 
89.2 


4.24 
3.41 
3.92 
4.18 


1917.02 

(2376)  J 

1917.307 
17.312 

17.468 
18.405 


89.5 

443  9.0 

239.4 
239.6 
233.8 
234.0 


3.94 

12.0 

4.34 
3.84 
3.86 
4.04 


1917.62 


236.9   4.02 


(2380)  A  2075  8.9 

128.6 
135.6 


1917.482 

17,5  IS 


1017,50 


132.1 


(2395)  A  207 s  8.3 

1017.  IS2    1.50.2 
17.509    155.2 


1917.50 


155.7 


(2105)  J  410  9.7 

1917,307    182.6 
17.468    180.4 


1017.39 


I  SI,". 


(2408)  A  217s  8.9 

1917.482        321.0 
17,518        330.0 


1917,50 


325.8 


-10.8 

0.45 
0.65 
0.55 

-9.0 

0.87 
1.00 
0.94 

9.7 

3.80 

3.7.5 

"378 

10.7 

0.81 

1.10 

0.96 
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(2415)    A   2083   9.2  —  9.2 


1917.482 
17.509 


149.2        0.96 
145.2        0.60 


1917.50 


147.2 


0.78 


(2424)    J  399    9.1  —  11.8 

1917.307  51.2        4.56 

17.452  49.4         4.05 

17.468  51.2        4.61 


1917.41 


50.6 


4.41 


(2127)    A   2233   9.0  —  9.6 

1917.509  26.6         2.39 

18.433  25.8        2.92 


1917.97 


26.2 


2.66 


(2129)    A    2084    9.1  —9.2 

1917.482         177.0        0.35 

18.518        173.6        0.45 


1917.50 


175.3 


0.40 


(2430)  A  1860  8.9  —  10.9 

L917.482  83.0        3.40 

17.509  82.2        3.05 


1917.50 


82.6 


3.23 


(2437)    J    447    8.9—  10.5 

1917.452        237.8        5.31 

17.561         238.6        4.48 


1917.51 


238.2        4.90 


(2438)  .1  738    9.9  —  9.9 

1917.307  247.2  1.72 

17.545  246.6  1.69 

17.561  247.8  1.81 

18.433  250.0  LSI 

18.753  248.5  1.38 

1917.92  248.0  1.68 

In    the    Catalogue,    for 

22°  4',    read    21°  55',    the 
first   value  was  for  1855. 

J    1326     Anon. 

16'' 40'"  45s     +22    9' 

11.8—  12.0 

HH7.14'.)  237.2  1.83 
17.468  229.4  1.69 
17.561         231.0        1.47 


1017   1" 


232.5 


1.66 


AC  11.8  —  1.35 

1917.449  55.0        5.55 

17.468  58.2        5.31 

17.561  57.4        5.43 


1917.49 


56.9 


5.43 


(21S2)  A  2086  9.2  —  10.3 

1917.482    205.4   3.04 
17.509    205.0    2.93 


1917.50 


205.2    2.99 


II). 7 


(2196)  .1  452  9.2 

11)17. 307  301.4  2.44 

17.449  301.4  2.63 

17.468  296.8  2.29 


1917.41 


299. 


2.-15 


(2507)  A  2245  8.6  —  9.5 


1917.490 
17.509 


348.6 
348.6 


1.98 
2.33 


1917.50 


348.6    2.16 


11.7 


(2911)  A  1652  8.8 

1912.400    131.6    1.77 
17.523    130.4    1.57 


1914.96 


131.0 


1.67 


10.0 


(2983)  A  278S  9.0 

1915.830   311.3    0.80 
17.523    325.6    1.23 


llllli. li.S 


318.5 


1.02 


(3068)    J    25    9.4  —  9.4 


1917.419  1.4 

17.769  4.4 


1.59 
1.57 


1917.61 


2.9 


1.58 


(3099)  A  1663  8.6  —  8.9 

1915.690    227.3    1.21 
17.523    229.0    1.27 


1916.61 


228.2 


1.24 


(3152)  A  1413  9.2—  10.2 

1910.470    140.0    2.25 
17.523    141.8    2.11 


1914.00 


140.9 


2.18 


3188  .1  51' i  9.3  —  12.4 


1916.835 
17.769 


295.0   4.10 
295.0   4. !>s 


11)17.31) 


295.0 


(3217)  .1  50S  9.7 


1917.769 

18.726 


146.4 

I  11.  li 


4.51 


10.11 

2,1 1 
2. S3 


1D1S. '_>:, 


145.7 


2.62 


(3312)  A  1680  8.5—  10.4 

11)11.640    21)3.2    3.81 
17.523    297.0    3.20 


1914.58 


295.1    3.51 


(3357)  .1  156  It. 3  —  9.4 

1917.769    20.4    1.95 
18.726    23.1    2.39 


litis.-.';, 


21.8 


2.17 


(3361)  A  2795  7.5  —  7.5 

11)15.650         212.0         0.15 
17.523         208.0        0.30 


L916.59 


210.0 


0.23 


(3372)    .1    193    8.0—  11.0 

1917.849  86.4        5.34 

18.726  86.1         5.43 


lit  IS.  211 


86.3 


5.39 


(3376)  .1  513    9.0—  12.2 

11117. silt         162.0        3.94 

18.890    167.0    4.28 


in  is  :;: 


1(14.5 


4.11 


(3387)  J  1074  10.6—  10.7 

1917.849    292.2    1.95 
18.S90    297.6    1.54 


mis. 37 


21)1.1) 


1.75 


In    the    catalogue,    for: 

25°  33',  read  25°  38'. 

(3388)  J  514    10.0—10.2 

1917.849         142.2        2.53 
18.890         150.0        2.41 


1918.37 


146.1 


2.47 


(3396)  .1    nil  s.s  — 8.8 


1917.849  36.0 

18.890  33.4 

l'.Us.:;: 


II. si 
o. ltd 


31.7 


0.87 


AB  — 
1917.849 

IS. SOI) 


C     8.4        12.0 

Dl.n     ■_'::.(;<; 
89.8     23.111 


1918.37 


90.4      23.80 


.1    1327     Anon. 

2()''4S'"33       +22     ii' 

9.8       9.8 


1916.670 

is. 75:; 


63.9 
58.3 


3.2S 
2.79 


1917.71 


61.1 


3.04 


.1    132S   H.I).  +25"    I  Kill 

21>'4'"34^      +25°  54' 

11.2  -  9.4 

11)17. son         130.0        (LIS 

17.H2:,         124.2        0.56 

18.887         127.8        0.66 


1918.20 


127.3 


0.57 


(3446)    A    1689   9.0  —  9.0 

1912.830        342.6         2.15 
17.523        340.2        2.20 


1915.18 


341.4 


(3484)    J    577    9.3 

1917.800  23.4 

18.890  22.2 


2.18 


10.4 

2.41 
2.32 


1918.35 

22.8 

2.37 

.1  1321 

Anon. 

21h  10"»31 

B  +35° 

42' 

10.0 

-  12.0 

1916.610 

156.1 

2.75 

18.890 

163.8 

2.53 

1917.75 

16O.0 

2.64 

(3517)  J  1244  8.5 

—  8.8 

1917. SID 

103.6 

2.89 

18.726 

102.7 

2.93 

18.928 

104.2 

3.01 

1918.50 


103.5         2.94 
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(3635)    J 

289    9.9- 

-  10.8 

.1    1330     Anon. 

AC 

9.1  —  11.2 

0 

» 

22h    ]2n. 

34s     +34° 

23' 

o 

. 

1917,14!) 

139.  (i 

1.97 

L0.0-     10.5 

1917.813 

270.0 

4.10 

17.769 

137.4 

1.57 

o 

,, 

17.849 

267.0 

4.26 

18.928 

136.8 

1.20 

1916.840 

313.S 

2.91 

17.925 

266.4 

4.64 

1918.05 

137.9 

1.58 

18.890 

301.4 

2.20 

1917.86 

267.8 

4.33 

1917.87 

307.6 

2.56 

3637)  .1 

1246  9.9  - 

-  10.0 

(3911)    E 

268   9.1- 

-  10.3 

(3912)   .! 

300  9.1  — 

9.7 

1917.769 

356.4 

2.77 

1917.813 

277.7 

0.96 

1917.849 

6.2 

3.29 

18.890 

354.4 

2.30 

17.849 

281.6 

1.15 

18.890 

10.4 

3.86 

18.928 

354.0 
354.9 

3.01 
2.69 

17.925 

272.8 

0.97 

18.928 

7.4 

3.26 

1918.53 

1917.86 

277.4 

1.03 

1918.56 

8.0 

3.47 

OBSERVATIONS   OF   MINOR   PLANETS. 

MADE    WITH    THE    12-INCH    EQUATORIAL    OF    THE    U.    S.    NAVAL    OBSERVATORY. 

By  WM.  A.  CONRAD. 
[Communicated  by  Rear-Admiral  J.  A.  Hoogewerff,  I".  S.  X.  Superintendent.] 


Date 

Wash.  M.T. 

* 

Com 

A  s 

A  pp.  a 

App.  8 

Log  pi 

Red.  to  App.  PI. 

a        1       8 

a      |          8 

(15)  E 

momia 

r.ii-                 h       m      s 

III         s 

u 

II          111        B                                   O          /                                                                                                 B                                   '/ 

Feb.   28  1 11  40  34  | 

1  |  25  , 

5  |  -4  19.81  |  + 

1  38.4 

(78 

8  58  58.26  |  +   7  50  24.5  |  9.168   |  0.659  |  +2.84  j  - 13.9 
Diana 

Mar.     2  |  11     0  50 

2  |  25  , 

5     -2  5(1.99  |  - 

1     2.6  | 

(385 

10    6  34.58    +1113  35.4  |  8.709«j  0.609  |  +2.95  1  -  16.2 
Ilmatar 

Mar.  17  111    4  39 

3  128, 

6-0  50.96     - 

5  42.7  1 

10  56  39.60 

+  5  26  33.4 

8.393n 

0.683 

+  2.96 

-18.4* 

19  |  12  34  42 

4  |  25  , 

5  |  -(-1  33.11  J  — 

8  29.0 

10  54  42.69 

+   5  25     1.4 

9.234 

0.688  | 

+  2.97 

-18.5 

(64) 

A  ng<  Una 

Mar.  17  111  49    2 

5    25  , 

5  1  -0  53.54    + 

7  IS. 5 

10  51  25.63  | 

+   5  49  44.9 

8.873   | 

0.681 

+  2.95 

-18.3* 

19  |  12    6    5 

6  |  30  , 

6    +0  12.92    + 

2  38.9 

L0  49  53.87 

+  5  58  24.6 

9.102 

0.680 

+  2.96 

-18.3 

(192) 

Nausikaa 

Sept.    !) 

16  20  15 

7 

40, 

8 

+  3    9.72 

- 

4    3.4 

1    8    6.17 

+  12  11  39.5 

9.446 

0.625 

+4.39 

+25.0 

14 

13  13    4 

8 

25  , 

5 

-2  24.35 

+ 

2    3.9 

1     5  47.74 

+  12  38  41.7 

8.591?; 

0.588 

+4.48 

+  25.8 

i;, 

1 1    6  43 

9 

25  , 

5 

+  3  L9.25 

- 

6    1.4 

1     5  15.95 

+  12  43  15.4 

9.433?! 

0.616 

+  4.50 

+  25.9 

23 

15  11  29 

10 

24  , 

5 

-2  51.77 

- 

10  46.4 

0  59  29.53 

+  13  16  30.2 

9.434 

0.609 

+  4.61 

+  27.0 

27 

14  21     2 

11 

25  , 

5 

-3  30.51 

- 

2  41.4 

0  56    6.23 

+  13  27  34.7 

9.336 

0.595 

+  4.68 

+  27.7 

Oct.      8 

9    3  29 

12 

24  . 

5 

4-3  27.35 

+ 

8  13.4 

0  45  53.23 

+  13  42    2.9 

Q.469?! 

0.610 

+  4.72 

+  29.2 

8 

9    3  29 

13 

24  , 

4 

+  0  41.85 

+ 

8  26.0 

0  45  52. S3 

+  13  42     1.4 

9.469?i 

0.610 

+  4.72 

+  29.2 

8 

9    3  '-".i 

1  1 

23, 

5 

-1     7.02 

+ 

3  10.8 

0  45  53.06 

+  13  42     1.3 

9.469?! 

0.610 

+4.72 

+  29.2 

8 

'i    :;  29 

15 

24  , 

5 

-2  45.57 

- 

0  46.3 

0  45  53.26 

+  13  42     1.1 

9.469?i 

0.610 

+  4.72 

+  29.2 

22 

8    2    6 

16 

5 

h  1  24.84 

f 

7  46.3 

0  33  39.29 

+  13  36  11.8 

9.454?! 

0.608 

+  4.73 

+  30.5 

22 

8    'J    6 

17 

5 

i   13.09 

1 

4  11.5 

0  33  39.38 

+  13  36  12.2 

9.454?! 

O.liOS 

+  4.73 

+  30.5 

22 

8    2    6 

18 

25, 

5 

- 1  58.48 

+ 

2  16.7 

0  33  39.14 

+  13  36  10.5 

9.454?! 

0.608 

+  4.73 

!  30.5 
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Wash.  MX.     * 


Comp. 


App. 


App. 


Log  pJ 


Red,  to  App.  PI. 


Sept.  13 
14 
15 
23 
27 
3 
3 


Oct. 


8  16  13 

19 

25, 

5 

10  44  25 

20 

25  , 

5 

8  54    6 

21 

25, 

5 

8  12  27 

22 

25  , 

5 

12  51     6 

23 

29  , 

6 

10  29  30 

24 

25  , 

5 

10  29  30 

25 

25  , 

5 

-1  42.86 

+  1  46.67 

+  3  11.45 

+  2 

9.30 

+  0 

8.08 

+  3 

2.13 

-2 

6.74 

Sept.  14 

15 

23 

27 

3 

3 


Oct. 


12  22    5 

10  16  47 
14  20  37 

13  31    5 

11  15  48 
11  15  4S 

8  30  58 


26 

25  , 

5 

27 

30, 

6 

28 

25  , 

5 

29 

24  , 

5 

30 

5 

31 

25  , 

5 

32 

25, 

5 

Sept,  27  |  11  53  20  j  33  |  24  ,    5  |  +2  39.95 


Oct, 


Nov. 


12    6  15 

12    6  15 

16    7  16 

16    7  16 

10  43  52 

10  43  52 

10  43  52 

9  12  17 

9  12  17 

9  12  17 

9  12  17 


12  51  6 
12  53  15 
12  51  6 
12  51  6 
12  51  6 
8  42  29 
8  42  29 

I  1  11  6 

II  44 
11  44 
11  44 
11  44 
11  44 


34 

25 

5 

35 

25 

5 

36 

23 

5 

37 

25 

5 

38 

30 

6 

39 

30 

6 

40 

30 

6 

41 

20 

5 

42 

20 

5 

43 

19 

5 

44 

25 

5 

+3 
+  1 
+  2 
-4 
+  1 
-0 
-0 
+  3 
+  2 
+  1 
-0 


9.69 
32.97 

6.87 
11.46 
34.03 

2.54 
13.88 
41.99 
19.43 
20.05 
10.15 


45 

36  , 

8 

46 

29  , 

7 

47 

36, 

8 

48 

36 

8 

49 

:;:, 

8 

4o 

46 

10 

46 

ir, 

10 

:,ii 

25 

0 

51 

25 

0 

52 

25 

1) 

53 

25 

0 

54 

25 

0 

55 

25 

0 

22 

6  30.03 

22 

5  46.47 

22 

5  12.01 

22 

1  12.95 

21  59  54.86 

21 

59    8.46 

21  59    8.46 

-3  10.36 

-1  12.06 

+  1  34.87 

-  1  58.85 

+  1  12.19 

-  1  24.99 

-0  50.27 

(198)  Ampella 

'        it  h       in       a 

5  1.9 
2  30.0 

2  23.9 

1  9.3 

3  31.3 

2  24.0 
0  40.7 

(554)   Peraga 
0  13.2 

0  32.1 
5  32.0 

1  7.1 
1  14.6 
5  9.9 
9  4.3 


+  88  46.3 

9.427// 

0.668 

H  t.32 

+   83  35.2 

8.378 

0.652 

+  4.33 

+   7  59    3.2 

9.2667! 

0.660 

+  4.32 

+  7  16    8.5 

9.292?! 

0.669 

+  4.27 

+  6  50  21.0 

9.54  1 

0.692 

+4.26 

+  6  17  30.5 

9.1S8 

0.677 

+4.20 

+  6  17  30.1 

9.188 

0.(177 

+  4.20 

23  41  55. 26 

23  11     4.23 

23  33  25.58 

23  29  49.00 

23  24  48.09 

23  24  48.41 

23  21  51.01 

3  5  8.0 
3  0  51.8 
'_'  Mi  52.8 
1  58  53.8 
1  27  51.0 
1  27  53.5 
1     6  17.7 


8.435 

0.710 

+  t.46 

9.315n 

0.713 

+  4.4S 

9.503 

0.725 

+  4.50 

9.435 

0.724 

+  4.52 

8.891 

0.726 

+4.50 

8.891 

0.726 

f  1.50 

9.315/1 

0.731 

+  4.47 

(39) 

-  8  45.6 
+  3  52.3 

-  1  58.9 

-  3    7.3 

-  0  20.1 

-  3    2.5 

-  1  48.8 

-  8    0.2 
+   2  38.6 

4    3.3 
1  36.0 


+ 


+  2    5.84 

+  1  42.63 

-2  L0.98 

-4  23.80 

-5  29.92 

-0    7.73 

-0  30.92 

+3    5.02 

+  2  23.75 

+  o  55.73 

-2  12.46 

-  3  56.70 

-4  37.86 

(101 
+  9  45.0 
+  10  50.0 
+  4  28.9 
+  10  3.0 
+  10  53.9 

-  2  16.7 

-  1  10.9 


Lmtitia 
1    0  47.22 

0  57  43.71 
0  57  43.58 
0  57  9. SO 
0  57  9.73 
0  57  9.92 
0  47  29.41 
0  47  29.23 
0  47  28.91 
0  47  29.22 

Helena 
0  39  14.83 
0  39  14.81 
0  39  14.85 
0  39  15.01 
0  39  14.79 
0  37    1.26 


0  37 
0  34 
0  34 
0  34 
0  34 
0  34 
0  34 


1.26 
2.09 
2.19 
1.92 
1.87 
2.17 
2.25 


-  4  10  49.0 

-  4  47  19.5 

-  4  47  19.0 

-  4  53  50.3 

-  4  53  51.8 

-  4  53  52.8 

-  6  33  54.2 

-  6  33  54.2 

-  6  33  52.6 

-  6  33  54.9 


+  16  11  19.3 
+  16  41  20.4 
+  16  41  17.0 
+  16  41  19.9 
+  16  41  17.9 
+  16  29  18.5 
+  16  20  20.3 


+  27.8* 
+  28.0 
+  27.9 
+  28.4 
+  28.7 
-I  28.8 
i  28.8 


+  29.0 
+  29.1 

+  29.5 
+  29.8 
+  29.8 
f29.8 

+  29.7 
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4  20.4  I     1  38  12.95  I  +23  15  48.8  j  9.232//  0.399  I  +4.SS  I  +23.8 


8.0937! 

0.777 
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+  4. .-)(', 
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+  4.60 
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+  4.60 

9.257/1 
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+  4.60 

9.547 

0.595 

+  4.76 

9.551 

0.597 

+  4.76 

9.547 

0.595 

+  4.76 

9.547 

0.595 

+  4.76 

9.547 

0.595 

+  4.76 

9.003» 

0.528 

+  4.75 

9.0037! 
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+  4.75 

9.494 

+  4.68 

9.494 

+  4.68 

9.494 

4  1.68 

9.494 

+  4.68 

9.494 

+4.68 
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i  1  lis 

+  28.6 
+  28.6J 
+  28.4 

+  28.4 
+  28.4 
+  28.4 
+  28.4 
+  27.8 
+  27.8 
+  27.8 
+  27.8 


+  31.2 
+  31.2 
+  31.2 
+  31.2 
+  31.2 
+  31.4 
+  31.4 
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(68)  Leto 

1918                   h       m       s                                             "i       8 

'               h       m       s                                        •    »                                                              s                            » 

Nov.    6 

11  51  20 

56 

30  .    6 

+  5  44.64 

-   6    4.5 

1  18  18.85 

+   4  31  47.3 

9.268 

0.698 

+4.76 

+  27.5 

6 

11  51  20 

.".7 

30,    6 

+  3  25.20 

-   4  56.3 

1  18  19.05 

+   4  31  43.1 

9.268 

0.698 

+  4.76 

+  27.5 

6 

11  51  20 

58 

30,    6 

+  1  37.22 

-  3  58.6 

1  18  18.50 

+   4  31  45.4 

9.268 

0.698 

+4.76 

+  27.5 

I'll.-:-  asteroids  were  picked  up  for  me  by  Mr.  Geo.  H.  Peters  with  the  10-inch  photographic  equatorial, 
j  No  good  plan-  for  this  comparison  star  is  available. 

_'nt  moonlight.     Too  faint  to  observe  in  declination  successfully. 

Mean  Places  of  Comparison  Stars  for  the  Beginning  of  the  Year — 1918.0. 
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16 
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Bonn 
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17 

0  35  17.73 
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18 
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47 
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19 

22    8    8.56 

+  83  10.5 
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+  0  46  20.9 
+   6  19  25.  s 
+   6  16  20.6 
+  3     1  25.8 
+  3    1  54.9 

9791 

50 

0  30  52.41 

A.G.  Berlin  A 

164 

22 

21  58  59  39 

.1 .(?.  Lei  pzig  II 
A. <i.  Leipzig  II 
A  .G.  Leipzig  II 

A.G.   Leipzig  II 

A  ,G.  Albany 
A.G.  Albany 

11085 

51 

0  31  33.78 

A.G.  Berlin  A 

168 

23 

21  •")')  42  52 

11093 

5?, 

i)  33    1.52 

A  .G.  lit  rim  A 

171 

24 
25 
26 

27 

"1  56    2  15 

11054 

53 

i)  36    9.64 

A  ,G.  Berlin  A 

181 

92     1  11  00 

11102 

5  1 

0  37  54.17 

A.G.  Berlin  A 

192 

23  45    1  16 

8165 

0  38  35.40 

195 

23  L2  1  1.82 

8154 

56 

1  12  29.46 

+  4  37  24.0 

A.G.  Albany 

347 

28 

23  ::i   10.22 

+   2  13  51.3 

A.G.  Alb 

8119 

57 

1  14  49.10 

+  4  36  11.8 

A.G.  Albany 

361 

29 

23  31  43.33 

+   1  59  31.1 

A.G.  Albany 

8118 

58 

1  16  30.52 

+   4  35  16.4 

A.G.  Albany 
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OBSERVATIONS   OF   VARIABLE   STARS, 


Bi    WILLIAM   DOBERCK. 
(Continued  from  A.  .1.  748.) 


RR  Herculis:  The  Harvard  comparison  stars  were 
used,  bul  they  ate  ai  some  distance  from  the  variable) 
which  lowers  the  accuracy  of  the  observations.  The 
value  of  I  lie  sir])  is  0.071.  The  maximum  (8.10) 
occurred  aboul   2421508,  bul  the  star  did  not  change 


its  magnitude  for  a  month  before  and  after  the  maxi- 
mum. The  minimum  (8.80)  occurred  about  24213SS. 
The  period  is  238.8  days.  The  formula,  where  x  is 
counted  from  the  minimum  is:  Man.  =  8.34  +  0.34 
sin  (x  +  83°)  +  0.10  sin  (2.r  +  79°). 
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W.  Corona  Borealis:  The  approximate  magnitudes 
oi  the  comparison  stars  have  been  determined  in  steps 
and  converted  into  magnitudes  by  aid  of  Graff's 
values:    //  7.10,    b  8.21,    u  8.86,    d  8.93,    t  9.11,    c  9.13, 


/'0.2I,  c  9.3S.  ,,  0.57,  k  10.00,  //  10.7,4,  /  10.00.  m  10.07. 
//  10.00,  s  10.94,  and  /■  1 1.03.  The  maximum  (7.00) 
occurred  at  2421084.  The  value  of  the  period  is  230 
days.     The  value  of  th  ■  step  is  0.09  mag. 
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W  Herculis:  The  approximate  magnitudes  of  the 
comparison  stars  have  bsen  determined  by  estima- 
with  the  exception  of  a,  J.  and  m,  which  have 
been  taken  from  ths  A.  II.  CO.:  a(A.S.V.  1)7.77, 
6(2)8.65,  0(4)8.56,  d(7)9.03,  e(9)9.42,  /(16)10.33, 
^(14)10.00,  ft(18)10.73,  j'(19)11.28,  fc(20)11.78,  1(22) 
11.00.  m(24)12.16.  The  value  of  the  step  is  0.10  for 
the  8th  magnitude,  0.11  for  the  9th,  0.13  for  the  10th, 
and   0.16   for   the    11th.     The   average   value   of   the 


period  270.5  is  confirmed.  The  maximum  (8.05) 
occurred  at  2420046.  It  is  well  determined.  The 
minimum  (13.10)  occurred  at  2421000.  It  is  not  so 
well  marked  as  the  maximum.  The  formula,  where 
x  is  counted  from  the  maximum  is: 

Mag  =   10.65  -  2.33  sin  U  +  75 

-0.12  sin  (2x  +  114°)  -  0.19  sin  (3a;  +  111°) 
-O.OS  sin  (4.r  +  150°)  -  0.04  cos  O.r 
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T  Aquila:  The  magnitudes  of  the  comparison  stars 
were  determined  in  steps  and  converted  into  mag- 
nitudes    by     comparison     with     the     //.(.     value,-: 


a(A.S.V.  10)8.30,  6(12)8.68,  c(14)8.87,  d(13)9.06 
((Ki)  9.51,  and  /(28)9:86.  The  value  of  a  step  is  o.l  I 
mas.     The  change  is  irregular. 
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TT  Cygni:  The  comparison  stars  were:  a(A.S.V.  2) 
5.S9.  6(5)6.97,  r(  14)7.65.  (2(18)8:06,  e(26)8.18,/(20)8.43 
These  air  the  //.  C.  magnitudes  with  the  exception  of 


</  and  (  which  were  determined  here  by  comparisons. 
Tin'  value  of  the  step  is  0.115  mag.  The  variation 
appears  to  be  irregular. 
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1 173  v  =  c  7.7 

1  174  r  1  1  ,  y  3  e  7.S 

1474  v  =  il  S.l 

I486  b4v2c  7.1 

15(12  6  5  y  1  c  7.5 

1511  b3v2c  7.4 

1522  biv3c  7.4 

1539  z>  =  c  7.6 

L558  6  I  y  3  c  7.4 
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IT  Vulpeculce:  The  comparison  stars  were: 
.'i.l  .N.  r.  13)8.13,  6(29)8.39,  c(23)8.65,  d(34)8.98, 
e(35)9.18, /(44)9.46,  gr(42)9.89,  fe(48)10.43.  a,  d,  ..  g, 
and  //   have  been  photometrically  determined   ai    the 

//.<'.(>.  l>,  c,  and/  have  Lien  determined  by  inter- 
polation. The  value  of  (he  step  is  0.10  mag.  The 
follow  inn  maxima  have  been  observed:  0800  (8.3), 
1040(8.3),  1510  is.;,).  L800  (8.6),  hut  they  are  rather 
uncertain.     Subsidiary    maxima    occurred    about    03S3 


(S.5)  and  1160(8.6).  The  following  minima  have 
been  observed:  0445(9.7),  0680(9.6),  1475(9.5), 
1907(10.1).  Subsidiary  minima  occurred  about  1110 
(9.5),  and  1365(10.2).  The  variation  of  this  star  is 
rather  irregular.  The  period  was  obtained  by  com- 
paring with  the  maximum  observed  by  Biesbroeck 
is  1905  (2417017).  The  formula  is:  242154:,  |-  251E. 
The  minimum  occurs  on  an  averag  ■  I  15  day,-  after  the 
maximum. 
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R  Delphini:  The  H.C.  comparison  stars  were  used 
with  the  following  three  additions:  k'(A.S.V.  10)0.75, 
J' (25)  10.02,  and  v'Ci2)l  1.S0.  The  step  was  assumed 
to  be  0.10  mag.  The  maximum  (8.59)  occurred  at 
2421581.     The  minimum  (about  13.6)  occurred  about 


2121418.  Il  occurs  about  166  days  after  maximum. 
The  average  period  is  284.2  days.  The  formula, 
where  x  is  counted  from  maximum,  is:  Map;.  = 
11.21  -2.13   sin  (x  +  82°)  +0.36  sin  (2a;  -  51°) +0.07 

sin  (3.c  +  158   ). 
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R  Sagittce:  The  //.('.  comparison  stars  were  used. 
Their  degree  of  brightness  was  observed  in  steps  and 
converted  into  magnitudes  by  aid  of  the  //.  ('.  values: 
a8.12  (this  is  the  11. C  mag.),  6  8.26,  c  8.62,  d  8.94, 
e  9.20,  /  9.61,  and  g  9.98.  The  value  of  a  step  is  0.083 
mag.  Maximum  (8.52)  occurred  at  2421159,  a  sec- 
ondary minimum  (9.02)  a1  I  ITS,  a  secondary  maxi- 
mum (8.81)  at   1188,  and  the  principal  minimum  (9.55) 


at  1  1  10.  The  period  determined  from  25  individual 
determinations  of  these  epochs  was  70.0  days,  with 
which  value  the  observations  were  referred  to  one 
period.  The  period  appears  to  be  irregular.  Its 
average  value  is  70..")  1  days.  The  formula  is:  Mag.  = 
8.94  -  0.26  sin  (.r  +  10">  -  0.28  sin  (2x  +  105°) 
-  o.oi  sin  Ci.r  +  166°)  +  0.05  cos  l.r       0.01  sin  5x   - 

0.03  COS  li.r. 


0344 

d  1 

•  ?>  e 

9.07 

07S1 

fZvZg 

9. SO 

1220 

c  1 

•  2d 

8.73 

1 82  l 

c  \y2  v  13  L.  d 

8  7s 

0355 

d  1 

'  =  e 

9.12 

07SS 

/  1  v  3  g 

9.70 

1410 

v  = 

e 

9.20 

1827 

c  2  y  2  e 

8.91 

0370 

c  1} 

■  ,  v  2  d 

8.75 

0791 

v  4  y  2  / 

9.17 

1432 

v  = 

d 

S.04 

1828 

c  2  y  :;  d 

8.75 

0375 

v  1 

8.54 

0799 

c  3  v  2  d 

8.81 

I  135 

V  1 

8.54 

1SM0 

c  2  y  2  d 

8.78 

0381 

6  5 

'  1  c 

8.56 

0801 

c  2  /•  3  d 

8.75 

L450 

c  P 

L.  ,   l  i  _, ,/ 

S.72 

1838 

y  1  d 

s.so 

0395 

r/2' 

g  /■  1  i 

9.13 

0807 

c  1  /■:;  d 

s.7() 

1459 

,/:; 

-  1  « 

9.13 

ISO! 

,■  !  ,  d 

S.90 

0403 

r  3 

r  2  d 

8.81 

1036 

d  2  w  1  i 

9.13 

1473 

c  1  I 

2d 

8.73 

IS  I  1 

c  3 !  ■_.  /■  1  i  j  d 

S.SI 

0424 

v  = 

e 

9.20 

1019 

v  =  ,1 

8.94 

1477, 

C   1   ! 

1  ' .,  d 

8.75 

1847 

y  =  e 

9.20 

01  Iti 

c2i 

3d 

8.75 

1063 

<   IH»3/ 

9.34 

1  ls| 

d  l 

i  M,< 

9.0  1 

1S0O 

<■ ;;  y  I  d 

s.so 

0465 

d  1 

i  1  e 

9.07 

100  1 

e  3  i)  3  , 

9.40 

1488 

e  1  i 

3/ 

9.30 

1864 

/,  l  v  2  c 

8.38 

0506 

i  2 

5/ 

9.32 

1070 

/  1  »  3  g 

9.70 

1492 

(  2  i 

1/ 

9.34 

ISO.", 

y  =  6 

s.20 

0653 

v  = 

c 

S.02 

107.", 

v  =  < 

9.20 

17,01 

i  :;  , 

1  d 

s.so 

1S07 

a  3  v  2  6 

S.20 

0664 

V   = 

c 

s.c,2 

107(1 

,/2  vZf 

9.21 

1  51 1 1 

V  !  2 

c 

8.58 

1S70 

y  1  c 

8.54 

0684 

d  1 

»2e 

9.03 

1077 

,1  2  i)  1  e 

9.13 

17,07 

y  1  ( 

8.54 

L873 

c  1  y  3  d 

S.70 

0699 

9.03 

L083 

c  2  y  1^  d 

s.so 

1508 

c  2  ? 

3  d 

S.77, 

1S7I 

6  2  y  1  c 

8.50 

0707 

v  = 

i 

9.20 

1084 

c  2  y  2  d 

8.78 

1.V20 

6  3  i 

1  c 

8.53 

IS  77, 

<■  \L,  V 

8.74 

0711 

e2i 

3/ 

9.36 

1096 

c  1  /•:!  d 

S.70 

1  7,27, 

c2  ! 

1 1  2  ,/ 

s.so 

1S79 

c  2  y  1  ! ..,  d 

s.so 

0710 

i  2  i 

3/ 

9.36 

11  1  1 

d  I  a  2  < 

9.03 

1527 

y  = 

d 

8.94 

1889 

d  1  y 

9.02 

072.", 

c  :;  / 

1  d 

8.86 

1  120 

d  1  1  o  r  'J1  •_,  e 

9.04 

1532 

»   '  2 

e 

9.16 

1894 

c  2  y  3  d 

S.77) 

0729 

c2t 

l  d 

8.83 

1 1 26 

»  =  d 

S.04 

1539 

C  1   I 

2d 

8.73 

1S00 

c  1  y  2  d 

8.73 

o::;:, 

V   1   ( 

8.54 

1 1 3  1 

e  1  y  3  f 

9.30 

17,17 

r  3  ! 

2d 

S.SI 

1S00 

c  2  /•  1  i  ■_.  d 

s.so 

0741 

V  l1 

■j  < 

9.07 

1140 

/  3  /•  1  '  ■_. ./ 

9. SO 

17,07, 

y  = 

e 

9.20 

1900 

c  \y2v2y2d 

S.7  1 

0710 

c4i 

2~d 

8.83 

1157 

cl%viy2  d 

8.78 

1576 

C  2  ! 

3d 

S.77, 

1007, 

c  3  y  1  d 

s.so 

0748 

i)  = 

d 

8.94 

1163 

c  \.y2v2y2d 

S.74 

1 58 1 

6  2) 

3  c 

8.40 

1900 

c  2  y  2  d 

s.7S 

0719 

C  4  I 

1  d 

s.ss 

1170 

c  ■■',  v2viy2  ,i 

8.84 

1 783 

e  33 

2^2/ 

9.46 

1907 

c  2  y  1H  d 

s.so 

0750 

c4  i 

1  d 

8.88 

1181 

c  :;  v  Vy2d 

8.83 

1787 

d3 

•  1  e 

9.14 

1913 

d  2  y  1  e 

9.1 1 

077,1 

C  3  ! 

1 1  2  d 

8.83 

1184 

c  4  v  2  d 

8.83 

1793 

s  3  d 

8.67 

1919 

r    1    1,3/ 

9.30 

0770 

d  1 

>  l^e 

9.08 

1194 

c  .",  r  1  d 

8.89 

1790 

c  1  l 

3d 

S.70 

1920 

eZvZj 

9.40 

0777 

e  1  i 

1/ 

9.2S 

1200 

/  2  v  1  :/ 

9.86 

1815 

C  2  ! 

1  d 

8.83 

1927, 

e  1 y  '^/ 

0.7,0 

0779 

e  2x 

4/ 

9.34 

1207 

e  2  r  3  / 

9.36 

L820 

d  1  i 

9.02 

1935 

194  1 

y  =  r 
c  !  g  y 

8.62 
8.66 

U  Cygni:  The  magnitudes  of  the  comparison  stars 
were  observed  in  steps  and  converted  into  magnitudes 
by  aid  of  the  //.  C.  values:  a(A.S.V.  6)6.99,  6(7)7.30, 
c(10)7.s2.  d(12)8.04,  e(13)8.36,  /(24)9.01,  g(27)9.33. 
The  value  of  a  step  is  0.1  mag.  Maximum  (6.8) 
occurred  at  2421790.  For  about  two  months  the 
brightness  did  not  change  one  step.  Minimum  (8.9) 
occurred  a1   24217,77,:    27,0  days  after  maximum.     The  ! 


average  period  is  404.7  days.  It  appears  to  be  vari- 
able. The  formula  for  finding  the  magnitude  (a;  is 
counted  from  the  maximum)  is: 

.Mag.  =  7.80  -  0.91  sin  (x  +  92°) 

+  0.93  sin  (2.r  +    45°)  -0.13  sin  (3z  +    67°) 
-  0.00  sin  (l.r  +  149°)  +0.04  sin  (5a-  +  146°) 
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S  Delphini:  The  magnitudes  of  the  comparison  stars 
were  observed  in  steps  and  converted  into  magnitudes 
by  aid  of  the  //.  C.  values:  a  S.33.  b  8.59,  c  8.59,  d  8.86, 
9.09,  /9.42,  (/9.s7.  ft  9.87,  k  10.12.  /  10.50.  m  11.10, 
//  11.52.  /.ill. 96).  The  value  of  the  step  is  ai  8.5: 
0.068,  at  9.5:0.087,  at  10.5:  0.107,  at  11.5:0.122. 
The   maximum    (8.8)    occurred    about    2421442.     The 


minimum  (10.9)  about  2420772  (161  days  after  maxi- 
mum). The  value  of  the  period  is  277  days.  The 
formula  is: 

Mag.  =  9.59  -  0.94  sin  f.r  +  72c  I 

+  0.27  sin  (2x  +  22°)  +  0.10  sin  (3a:  +  156°) 
+  0.05  sin  (4.r  -  0S°)  -  0.06  sin  -V 
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/,'  Vulpeculce:  The  comparison  stars  are :  a'(A.S.V.2) 

7. os.  &(  1  i7.23,  c'(3)7.59,  d  7.79,  ,  8.07,  /s.17    ;   l  8.77, 

!/'i5,9.oo.    fc(7)9.34,    h  11)9.51,    m(19)9.79,    .1(2:1)9.99. 

>2)10.34  J!    lo  39,   g(29  10.63,   r(31  110.86,   r'  26 


11.02,  m10iU.30,  {(57)11.84,  1/17(012,17.  They  have 
been  photometrically  observed  a1  the  //.  C.  0.  with  the 
except  inn  of  a'  which  has  been  estimated  here.  The 
value  of   lh'  step   is  abou!    a   tenth   of  a  magnitude. 
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Maximum  (7.3)  occurred  at  2421 1  Hi.  The  minimum 
(12.5)  falls  midway  between  two  maxima.  Maximum 
is  well  defined,  minimum  less  so.  The  period  136.8  is 
confirmed.  Mb.  Walter  J.  Gill  wrote  in  L895  thai 
the  light  curve  was  very  regular.  Al  present  kinks 
occur  both  before  and  after  maximum:  particularly 
from  19  to  38  days  after  maximum,  when  the  fall  in 
brightness  is  checked.  At  one  of  the  individual 
maxima  the  star  was  not   observed  to  he  above  mag- 


nitude 8.0,  and  at  one  of  the  minima   not    below   11.7. 
The  average  variation  is  as  follows: 

Mag.  =  9.98  -  2.56  sin  (x  +  95' 

+  0.12  sin  {2x  +  132°)  -  0.04  cos  3.r 

-0.22  sin  (4.v  +  77°)  -  0.14  sin  5x  +  0.10  cos  6a: 

The  principal  terms  are  multiplied  by  consinus  of  the 
angle  which  indicates  approximate  symmetry. 
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0349  v  2  h 
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0723  biv2c 


11.0  0712  c2/'4/  10.4 
10.5  0746  r  =  f  10.7 
10.3  07 17  i  3  w  10.7 
10.2  0750  g3v5h  11.(1 

10.1  077  1  r3/'3/  10.5 
10.8  077,:;  e4o4/  10.5 
11.0  0758  v  =  /  10.6 
11.8  0770  .,  2  r  7, /,  11.0 
L1.8  0777  g5v2h  11.1 
ll.s  0800  y  =  n  12.5 
Ki.l  1040  c2y2d  10.0 

9.6  1003  -:;  v  1  d  10.1 

9.7  1074  ,3r3/(  11.1 


1075  e4r2/  10.5 

1077  e3»3/  10.5 

1000  (/3r3//  11.1 

1  1  I  1  /  1  /'3  ///  12.1 

1126  v  =  m  12.4 

1132  /3rlw  12.3 

1394  v  1  c  9.8 

1411  eZv2f  10.5 

1416  e3w2/  10.5 

1432  h-lv  11.4 

1450  k2vll  11.0 

1  17.0  y  =  n  12.5 

1-175  »  =  n  12.5 


11S1  (i3»  L2.8 

1492  nbv  13.0 

17.07  //Or  13.1 

1539  //  5  /■  13.0 

1767  v  1/  10.6 

1768  fiv2g  10.9 
1770  f/3/'2/;  11.1 
1783  w  =  //  11.2 
1793  I2v3m  12.2 
1796  in  I  y  12.5 
I  SI  5  ii -2  r  12.7 
1820  n3i)  12. s 
1830  y  =  n  12.5 
1873  w  =  r  13.5 
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AT  Cygni:  The  magnitudes  of  the  //.  C.  comparison 
stars  were  determined  in  steps  and  converted  into 
magnitudes  by  aid  of  the  H.C.  values:  a'(A.S.V.3)7.08, 
a  7.55,  &7.82,  c  8.09,  d  8.38,  e  8.75,  /8.90,  ft  9.12, 
/,  9.37,  and  /  9.66.  The  value  of  the  step  is  0.064  mag. 
The  following  maxima  were  observed  0055  7.7. 
L071(7.3),  1531(7.3),  L970(7.9).  The  formula  is: 
2421075  +  441E  (7.6).  A  minimum  (9.7)  was  ob- 
served at    1852.     The  minimum  (9.5)  occurs  350  days 


after  maximum.  The  period,  the  extent  of  the  varia- 
tion, and  the  shape  of  the  light  curve  are  irregularly 
variable.  Aboul  L60,  and  200  days  after  the  principal 
maximum  occurred  a  second  (8.3),  and  a  third  (8.6) 
maximum.  About  110,  210,  and  350  days  after 
maximum  occurred  a  first  (8. ID,  a  second  (9.0)  anil  a 
third  (9.5)  minimum.  The  latter  was  the  principal 
minimum  and  the  brightness  then  increased  in  about 
90  days  to  about  7.5. 
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RV  Cygni:  The  magnitudes  of  the  comparison 
Mar-:  a(A.S.V.  1)5.62,  6(3)6.87,  c(5)7.48  and  d(7)8.13 
have  been  determined  at   the  H.C.O.     The  value  <>!' 


one  step  is  0.114  mag.  The  observations  are  difficult 
because  this  star  is  so  highly  colored.  There  appears 
td  be  no  regular  variation. 
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LE   MOUVEMENT   DE   LA   COMETE   WOLF   1884  —  1911, 

By  M.  KAMENSKY. 


Le  present  Memoire  contient  quelques  resultats  de 
nits  recherches  sur  le  mouvement  de  la  Comete  Wolf 
durant  la  periode  1884 —  1912,  qui  comprend  5  retours 
de  la  comete  vers  le  Soleil. 

Mon  article  n'est  autre  que  le  developpement 
ulterieur  de  la  theorie  du  mouvement  de  eette  comete; 
il  es1  la  suite  des  recherches  que  j'ai  deja  publiees  en 
partie  dans  le  journal  A.  N.  4607.  Les  donnees 
numeriques,  sur  lesquelles  s'appuient  les  conclusions, 
que  je  propose  a  1'attention  du  lecteur,  sonl 
expos€es  en  detail  dans  les  parties  IV  et  V  de  mes 
"Recherches  sur  le  mouvement  de  la  Comete  Wolf." 
Ces  dernieres  furent  presentees  il  y  a  longtemps  a 
1'AcadSmie  des  Sciences  de  Russia  pour  etre  imprimees 
ses  Bulletins.  Mais  avant  que  leur  tour  sous 
presse  ne  vint,  la  revolution  russe  prit  un  tel  caractere 
qu'il  rut  impossible  d'accomplir  aucun  ouvrage  scien- 
tifique  on  de  les  publier,  car  les  bolcheviques 
aienl  et  continuent  a  d^traire  toute  culture  ou 
oeuvre  scientifique  avec  un  acharnement  qui  n'a  pas 
en  son  precedent  dans  I'histoire  de  l'humanite.  Pour 
raison  j'ignore  ce  que  sont  devenues  les  IV  et  V 
pan  ies  de  mes  "  Recherches."  II  est  probable,  qu 
aient  subit  le  meme  sort  de  beaucoup  d'autn 
de  savants  russes  qui  n'ont  pas  etc  publies. 

II  ne  parut  indispensable  d'attentre  pour  la  publica- 


tion de  I'articl  pre-  ent  que  les  IV  el  V  parties  de  mes 
"Recherches,"  sur  lesquelles  sont  basees  les  resultats 
proposes,  fussenl   publiees.     Mai  du  retard 

de  la  presse  et  de  la  difficult  c  de  publier  prochainement 
ces  memoires  en  detail   dans  quelques  journal   qu 
soit,  pour  cause  de  leurs  volumes  assez  importants,  je 
me  permets  d'exposer  ici  les  principales  parties. 

Me  bosant  sur  le  systeme  des  elements  I,  que  j'ai 
deduit  de  la  liaison  pr^alable  des  apparitions  de  la 
Comete  Wolf  pendant  les  annees  1884  1911,  e1  qui 
fut  public  dans  les  A.  N.  4607,  j'ai  ealeule  les  valeurs 
precises  des  perturbations  dans  le  mouven  enf  de  cette 
ete,  produites  par  la  Terre,  Mars,  Jupil 
ne  pour  la  periode  1884  Sept.  24.0—  1891  Juillel 
lo.o.  Les  perturbations  du  second  ordre  av; 
deja  ete  prises  en  consideration.  Les  resultats  que 
j'ai  obtenus  se  trouvent  dans  la  table  ci  dessous: 

1884  Sept.  24.0  T.  M.  Berlin 
J/  =  352°    1'30".40 
v  =    34      7   13   .33 
Q,   =  206    26   58   .19  i 
I         7T  =     19     9     .">  .54  /  1890.0 
i  =     25    15  32   .85  } 
ii  =  523".79064 


1884 

Sept.  24.0  — 

1891    JUILLEI 

10. i) 

o  M 

8  ip 

5  SI 

0    IT 

0  i 

on 

La  Terre  +  La  Lune 

Mars   

J  a  I'll,  r    

Saturne  

+   0  3D. CM) 
-   0     2.348 
-55  21.069 
+   2  32.457 

+  0     0.297 
+   0     0.077 
-15  30.770 

+   0     2.751 

-0     0.902 
+  0     0.034 
-5  20.530 
-0  11.916 

-0     0.975 
+  0     0.231 
+  1    26.096 
-0  55.788 

+  0  0.120 
-0  0.004 
-1  2.467 
-0  0.248 

-0.00122 
-0.00032 
-3.66878 
-0.00264 

La  Somme 

-52  11.280 

-15  27.645 

-5  33.314 

+0  29.564 

-1  2.599 

-3.67296 

En  comparant  ces  valeurs  des  perturbations  a  celles 
qui  furent  obtenues  par  M.  Thraen  et  dont  je  me  suis 


servi   dans   mes   travaux   prealables   de   la  liaison   dss 
apparitions   de   la   Comete   durant    1884 — 1911,   j'ai 

(81) 
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obtenu  les  differences  suivantes,   prises  dans  Le  sins: 

K  .  MENriKY  —  TflRAEN. 

k  —  r 

A  M  =  +7". 1)2 

.1  c  =  +0".47 

-A  9,  =  +0".06 

A  -  =  -0".02 

A  j  =  +  0".14 

A  n  =  +0".00125 

Par  consequent,  ma  supposition  sur  quelque  inexacti- 
tude des  calculs  de  M.  Thraen,  exposee  deja  en  1912 
dans  les  A.N.  4607,  se  confirme  pleinement:  les 
aces  de  M  et  n  parurent  assez  grandes  el  I'asped 
general  de  la  liaison  des  apparitions  de  la  Comete  1884 
—  1911  a  change  quelque-peu.  D'ailleurs,  la  part  des 
differences  indiqu6es  se  produisit  par  I'emploi  par 
M.  Thraen  de  quelques  autres  masses  planetaires  que 
mployais  toujours. 

pour  la  periode  suivante,  1891 
Juillel  10.0—1898  Aoul  22.0  on1  ete  empruntees  de 
I'ouvrage  de  M.  Thraen:  "Bestimmung  der  Bahn 
des   p  "  imprime    lans 

LXIV  torn  den  Denkschriften  der  Wiener  Acad- 
emie.  Ces  calculs  onl  etc  faits  par  M.  Thraen  au 
moyen  d  he  a  sez  bon  systeme  des  elements.  Mais  il 
able  qu'en  eela  il  se  soil  encore  servi  d'an- 
ciennes  masses  planetaires,  un  pen  inexactes;  vu  qu'il 
sommei  <l<-<  differentielles  'les  pertur- 
ons  pour  les  1  planetes  en  question,  —  il  etait 
impossible  d'etablir  la  reduction  de  ses  perturbations 
aux  nouvelles  masses  planetaires.  Outre  cela,  la  plus 
grande  partie  des  calculs  de  M.  Thraen,  qui  sont 
conserves  dan-  Koniglichen  Astronomishen  Rechen- 
Institut  zu  Berlin,  doit  etre  considere  comme  perdue. 
II  est  probable,  que  I'uniqus  moyen  de  fixer  exact  s- 
nient  les  valeurs  des  perturbations  pour  ce  laps  de 
temps  est   de  les   considerer  d'apres  le   nniiveau   calcul. 


a  moins  que  ceux  de  M.  Thraen,  pour  chaque  planete 
en  particulier  ne  soient  pas  retrouves  a  Rechen- 
Institut.  Ces  nouvaux  calculs  sont  considerables 
d'autant  plus  que  j'ai  decouvert  les  erreurs  dans  les 
different  ielles  des  pei't  urhatioiis  de  M.  Thraen  pour 
1898. 

<  'ependant  on  peut  considerer  que  pour  la  liaison 
prealaUe  des  5  retoiirs  de  la  ( 'omete  vers  le  Soleil,  ces 
erreurs  ainsi  que  certaine  difference  tlv^  masses  plane- 
taires sont  si  insignifiantes  qu'il  est  probable  qu'elles 
ne  seront  pas  en  etat  de  changer  considerable!!!-  nt 
l'aspecf  general  des  apparitions  de  la  Comete  durant 
1884—  1911. 

Dans  les  calculs  suivants  des  perturbations  pour  la 
periode  1898  Aout  22.0—1912  Fevrier  11.0,  je  me 
suis  servi  du  systeme  des  elements  K ,  pour  1898  Aout 
22.D,  deduit  par  M.  Thraen  de  la  liaison  prelimiiiaiiv 
de  deux  apparitions  de  la  Comete  en  1891  et  1898,  et 
publie  par  M.  Berberich  dans  les  A.  X.  3940;  ces 
perturbations  out  ete  publiees  en  detail  dans  les  II  et 
III  parties  de  mes  "Recherches." 

Enfin,  les  perturbations  pour  la  periode  1912  Fevrier 
11.(1 —  1918  Decemlire  16.0  out  ete  calcuiees  par  moi 
d'apres  les  systemes  des  elements  K\  e1  A",,  deduits 
de  la  liaison  des  apparitions  da  la  Comete  en  L884  — 
1911,  et  inipnmes  a  la  tin  du  Memoire  present. 

Tous  les  calculs  ont  etc  faits  par  moi  d'apres  la 
le  ile  l.a  variation  des  constantes  arbitraii  -; 
les  perturbations  du  second  ordre  sont  toujours  prises 
en  consideration.  Les  result ats  des  calculs  ont  ete 
verifies  par  differents  proeedes,  exposes  en  detail  dans 
la  partie  V  de  mes  "Recherches,"  et  on  peut  croire 
qu'ils  ne  contiennent  pas  d'erreurs  qui  puissent  influer 
taut  soit  peu  sur  1  i  ri''snltat  des  liaisons  des  difierentes 
apparitions  de  la  Comete  Wolf. 

Par  consequent.  Unites  les  perturbations  dans  le 
mouvemenl  de  hi  ('omete  Wolf,  produites  par  la 
Terre,  Mars,  Jupiter  e1  Saturm  et  calcuiees  jusqu'ici, 
peuvent  etre  rassembiees  dans  la  table  ci  dessous: 


l.i  p6riode 

5  M 

5  if 

5  Q, 

<5tt 

5  i 

5  n 

•  lalculateur 

isM  Sept.    21      1S91  .1  nill. 

10 

-52  11.28 

-15  27.65 

-5  33.31 

+  0  29.56 

-  1     2.60 

-3.67296 

Kamensky 

1891   Juill.      1()-1S'.IS   Mars. 

1.-) 

-:U  55.58 

-    7  13.18 

-0  48.09 

I  3  45.00 

-2  14.96 

-1.70763 

Thraen 

1898  Ma.-.  L5-1898  Aou1 

22 

+  0    3.40 

+   0    4.31 

-0    2.02 

-0  22.78 

t-o     1.11 

-0.04276 

Thraen 

L898  Aout    22-1904  Juin 

12 

+38  35.68 

+   4  56.22 

-0    3.34 

-1  51.59 

+  2  24.86 

+  1.68558 

Kamensky 

I'.mii  Juin     12-1906  Mars. 

1  1 

+   2o  oi 

+   0    S.74 

-0  25.44 

-1  49.91 

-0    6.41 

+  0.25388 

Kamensky 

L906  Mars.  14-1911  Mars 

28 

+  30    8.54 

+   5  20.71 

+  0  54.01 

+  0  51.56 

+  1  30.33 

+  1.19376 

Kamensky 

191  1    Mars.  28    -1912   Fevr. 

il 

+  0    1.78 

+  0  31.68 

-0    2.94 

+  1     3.84 

-0     1.04 

-0.01836 

Kamensky 

19  12  Fevr.    11-1918  Jan. 

10 

-   0  22.92 

+  15  29.63 

-3    7.98 

+  1  34.52 

+  1  37.68 

+  0.94863 

Kamensky 

1918  Jan.      10-1918  Dec. 

16 

-   0  21.17 

-   0  35.27 

-0  29.14 

+0  57.69 

-0    1.52 

+0.28900 

K  WIKNSKY 

he  poinl  de  depart  de  tous  mes  travaux  mentionnes  ici  est  le  systeme  des  elements  A",  pour  1S98  Aoiit  22.0. 
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1898  Aout  22.0  T.  M.  Berlin 

A   l'aide  du   tableau  des   perturbations   donn£   plus 

,1/  =      0°  58'  10".03 

haut,  i'ai  forme  de  ce  systeme  A',  des  elements,  des 

<?  =     33    44     2   .117 

systdmes    derives     A",       A\,    qui,    apres    lis    calculs 

Q,  =  206    29     3  .03  ] 

d'6galisation  exposes  plus  loin,  sonl  transformed  dans 

A\ 

7T  =     l'.l    21    29   .55 
i  =     25    12   15   .36  . 
n  =  518".36643 

•  L900.0 

les  systemes  K\  —  K'%  —  A'',  : 

Epoque 

Syst&me 

SystSme 

Epoque 

Sj  st&me 

SvstrllU' 

['.  M.  B. 

fondam . 

ameliore 

' 

".  M.  B 

fondam. 

UHR'lliiir 

1S84 

Sept.   24.0 

A, 

A,' 

1906 

Mars 

14.0 

A, 

k,: 

1891 

Juill.    10.0 

A', 

A,' 

1911 

Mars 

28.0 

A; 

A;' 

189S 

Mars  15.0 

A:, 

A,' 

1912 

Fcvr. 

1  l.o 

As 

AV 

1898 

Aout   22.0 

A', 

A.' 

l'.l  IS 

.lain-. 

LO.O 

A,' 

1904 

Juin     12.0 

A 

AY 

l'.l  is 

Dec. 

16.0 

A,.' 

Pour  la  deduction  du  systeme  A",,  M.  Thraen  fait 
usage  de  2  lieux  tiormaux  de  la  Comete  pour  1891, 
savoir: 

1891    Aout   9d.5,  avec    70  observations 
1891    Oct.    3  .5.  avec  151  observations 

rl     !»    lieux    normaux    en     1898  —  IS'.)'.),    embrassanl 


l'intervalle  de  temps    1898  Juin   16—1899   .Mais    10. 
contenant  en  general  110  observations. 

Les  s\sieiiies  des  Elements  A,       A,  mil  ele  pris  pour 
base  des  calculs  de  la  liasion  pr^liminaire  des  5  retours 
de  la  Comete  vers  le  Soleil  durant  la  periode  issi 
1911.     .le  me  suis  servi  pour  ce  travail    lis  positions 
normales  suivantes  de  la  ( !omete: 


T.  M.  Berlin 


1884 

Sept. 

27.5 

issi 

Nov. 

12.5 

1891 

Sept. 

6.5 

IS'.  11 

Nov. 

3.5 

1898 

Juill. 

is.:, 

IS'.  IS 

Sepi  . 

17.5 

1911 

Juill. 

20.0 

1911 

Aout 

14.0 

319  50  17.30 

338  51  21.00 

56  12  40.50 
70  5  15.23 

57  23  26.93 
0  1  17  42.79 

274  44  56.27 

270  48  10.32 


5 

Nombre  4'  obs. 

1  'quill. 

+  10   11   49.37 

1 85 

1884.0 

o    If,  23.93 

203 

1SSI.0 

+  28  3]   38.39 

171 

IS'.)  1.0 

-   3  36  5S.25 

87 

1891.0 

+  19  36  80.20 

22 

L898.0 

+   7  49  22.40 

43 

1898.0 

+  15    11    59.84 

10 

191  1.0 

+  13     0    10.71 

9 

1911.0 

J'ai  pense  pouvoir  prendre,  pour  cette  liaison  pre- 
liminaire,  seulement  les  2  lieux  normaux,  de  poids 
maximum,  a  chaque  apparition  de  la  Comete.  II  me 
parut  peut  raissonnable  de  prendre  en  ce  moment  le 
nombre  superieur  des  lieux  normaux.  J'ai  fait  ceci 
lam  seulement  pour  les  raisons  mentionnees  plus  haul, 
concernanl  I'inexactitude  soupconnde  dans  les  per- 
turbations pour  la  periode  1891  —  1898,  mais  par 
suite  de  ce  que  les  perturbations  dans  le  mouvemenl 
de  la  Comete,  causees  par  Venus  pendant  la  periode 
1884 —  1911 —  1918,  n'ont  pas  ete  du  tout  prises  i  n 
consideration.  Quoi  que  ces  dernieres,  vu  la  distance 
perihelie  de  la  Comete  (q  =  1.60)  oe  peuvenl  avoir 
une  grandc  importance,  d'autant  plus,  qu'elles  ne  soul 
pas  encore  determinees, — faire  la  liaison  de  tons  les 
lieux  normaux  de  la  Comete,  sera  un  travail  peu 
raisonnable  et  ne  donnera  pas  l'utilite  qu'on  pourrait 
attendre  d'une  telle  besogne. 


Et  ce  n'est  qu'apres  la.  resolution  de  res  deux  ques- 
tions qu'il  sera  possible  d'entreprsndre  les  travaux  sur 
I'invention  des  systemes  des  elements  les  plus  prob- 
ables, satisfaisant  toutes  les  positions  normales  de  la 
Comete,  pendant  ses  6  retours  vers  le  Soleil,  savoir: 

1884—1885,   1891  —  1892,  1898—1899,  (1904—1905), 
1911  —  1912,  1918—  1919. 


M.   Thraen   agit   d'une   maniere   semblable   pendanl 

ses  travaux  sur  la  liaison  des  apparitions  de  la  Comete 
en  1884—  1885  et  en  L891  —  1892,  quand  il  crut  possi- 
ble de  se  servir  des  12  positions  normales  de  la  seconde 
apparition,  et  seulement  <\c^  4  positions  normales  de 
la  premiere  apparition,  en  retranchant  les  dernieres 
4  (Denkschriften  d.  Wiener  Academie,  Band  LXIV). 
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Les  lieux  aormaux  de  la  Comete  pour  1884  el  1891 
sont  empruntes  a  I'ouvrage  m  mtionne  de  M.  Thraen. 
Les  Hcux  normaux  pour  1898  sont  tiros  des  manuscrits 
de  M.  Thraen,  apr&s  les  avoir  verifies  par  mes  calculs. 
Quant  a  C3  qui  concerne  les  positions  normales  pour 
1911,  elles  ont  ete  formees  par  moi.  apres  une  scrup- 


uleuse  elaboration  des  observations  de  la  Comete  en 
1911. 

Les  perturbations  planetaires  des  epoques,  pour 
lesquelles  out  ete  deduits  les  systemes  Ki,  jusqu'aux 
moments,  correspondant  aux  lieux  normaux.  sont 
donnees  dans  la  table  suivante: 


1 

5  M 

8  v- 

5  Q, 

8  w 

<5i 

8  n 

i 

L884     Sept,  24.0- 

.1 
-Sept.  27.5 

-    0.14 

-   0.26 

-0.14 

+   0.14 

+  0.07 

+  0.0020 

L884     Sept.  24.0- 

-  Nov.  12.5 

-    0.77 

-    4. 04 

-1.15 

+   2.07 

+  0.90 

+0.0339 

L891     Juill.  10.0- 

-Sept.     6.5 

+    1.47 

-10.14 

-4.31 

-    7.24 

+3.83 

+  0.1094 

1891     Juill.   LO.O  - 

-  Nov.     3.5 

+  15.  so 

-33.03 

-3.40 

-    8.2.3 

+  5.61 

+o.: 

1898     Mars  L5.0 

-Juill.  18.5 

+  3.91 

+  6.72 

-1.95 

-10.88 

+  1.14 

-0.0010 

1898     Aout  22.0- 

-  Sept.  17.5 

+  2.01 

-    1.92 

-0.09 

-    3.21 

-0.07 

+  0.0157 

1911     Mars  28.0- 

-  Juill.  20.0 

-14.14 

+  12.74 

-3.34 

+49.79 

-0.64 

+0.0686 

1911     Mars  28.0- 

-Aout  14.0 

-13.34 

+  14.76 

-3.58 

+  56.26 

-0.06 

+  0.0721 

En    les    prenant    en    consideration,    j'ai    obtenu    les     dire  basees  sur  les  systemes  K\ 
i-    suivantes    calculees    de    la    Comete,    c'esl    a      perturbations: 

8c 


T. 

\I.  Berl 

n 

1884 

Sept. 

27.5 

1884 

Nov. 

12.5 

1893 

Sept. 

6.5 

1891 

Nov. 

3.5 

is;  is 

Juill. 

IS. 5 

L898 

Sept. 

17.5 

1011 

Juill. 

20.0 

1911 

Aout 

14.0 

310 

50 

7.16 

338 

51 

14.77 

51  i 

12 

10.79 

70 

5 

13.91 

57 

23 

27.50 

01 

17 

42.60 

274 

45 

28.05 

270 

48 

36.76 

+  19   11  45.55 

-  0  16  25.13 
+23  31  38.47 

-  3  30  57.30 
+  19  36  37.02 
+  7  49  22.36 
+  15  12  13.50 
+  13     6  26.80 


K-.  corriges  par  les 


Equin. 

1884.0 

1  ss|. 1 1 
189]  0 

IS!)  1.1 1 

1898.0 

1011.0 
1011.0 


En  les  comparant  avec  les  positions  normales,  donnees 
plus  haut,  j'ai  obtenu  les  ecarts  suivants  des  systemes 
observations: 


No. 

1 

2 
3 

1 

5 
6 


T.  M.   Berlin 


Sa     cusi 


1884 


1S01 


1898 


Sept. 

Nov. 

Sept. 

Nov. 

Juill. 
Sepl. 


27.5 
12.5 
0.5 
3.5 

IS.  5 
17.5 


9.63 

0.20 
0.27 
1.32 
0.02 
0.19 


A,  " 

-  3.82 

-  1.20 

-  0.08 

-  0.05 

-  0.82 

■  0.01 


T.  M.  I 


1911 


Juill.   20.0 
Aou1    14.0 


Aa'    coso 

-30.67 
-25.74 


±5' 


-13.66 
-16.06 


De  eette  maniere  j'ai  forme,  d'apres  les  regies  bien 
connues,  les  Equations  de  condition  ci-dessous.  Dans 
ees  equations  les  coefficients  sont  exprinu's  en  loga- 
rithmes.  el  I'origine  du  temps  est  1884  Sept.  24.0 
T.  M.  R. 


1884  Sepi.  27.5 

Nov.  12.5 

1891   Sept.  6.5 

Nov.  3.5 

1898  Juill.  is. 5 

Sept.    17.5 

1011    Juill.  20.0 

A  nut  14.0 


0.2657dir 

0.1384 

0.0070 

0.3006 

9.8484 

9.9439 

0.1589 

0.1134 


+2.3184«dn     +9.4241nd£    +9.2l69ndi      +0.0222//dv-     +0.8107dM   =    +   0.03 


1.6251 
4.1333 
4.2543 
4.1612 
4.1073 
4.3200 
4.2775 


9.2680w 
8.2347/! 
8.7122n 
8.08717) 
8.0672/i 
9.0614/; 

0.0016:, 


8.37367! 

8.3513 

0.2170/, 

7.4571  n 

9.07857! 

9.44687! 

9.4270// 


0.3025*1 

0.2700 

0.635] 

0.0  155 

0.3950 

0.5303// 

0.50407! 


0.7015 
0.7207 
0.8360 
0.4548 
0.3937 
0.3302 
0.2SS2 


=    + 


=    + 


0.20 
0.27 
1.32 

-  0.62 
+  0.19 
-30.67 

-25.74 
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1884  Sept.  27.5 
Nov.  12.5 

1891  Sept.  6.5 
Nov.     3.5 

1898  Juill.  18.5 
Sept.  17.5 


9.6097(1* 

8.854  \n 

9.6651?! 

9.4239n 

9.3144?i 

9.4075?: 


1911  Juill.  20.0       9.5189 
Aoul   14.0       9.5482 


+1.8513dn 
2.0131?! 
3.6934n 
3.2586« 
3.6466?! 
3.6578?! 
3.9262 
3.9371 


+9.8013d£ 
9.8402 
9.8331 
9.9043 
9.5591 
9.5942 
9.1585?! 
8.8948?i 


|-0.0936di        +9.3951nd?     +0.2455dM   =    4-3.82 


9.4785 

9.1  lie, 

9.9940?) 

8.2521?! 

9.7871?! 

0.1410 

o.l  L'4  4 


9.7828?! 

9.5870 

0.0032?! 

8.9361 

9.6897?) 

9.9057?! 

9.9288?! 


9.5264?! 

0.2942?i 

9.8190?i 

9.9462?i 

9.9498?! 

9.9307 

9.9420 


=  +    1.20 

=  -   0.08 

=  -   0.95 

=  -   0.82 

=  +    0.04 

=  -13.66 

=  -16.06 


La  somme  des  carres  des  ecarts  es1 

(mi)   =  2 100.  si 

L'erreur  moyenne  d'un  lieu  normal 
L'erreur  probable  d'un  leiu  imhh.iI 

En  posant 

x  =  d-w 
y  =  10'.,/// 
z  =  dQ, 


€  =   ±i4".s:; 
p  =   ±   9  .89 

/  =  ill 
u  =  dip 
w  =  dM 


el  en  donnanl  des  poids  6gaux  a  toutes  les  Equations  de 
condition,  en  nous  basanl  sur  Irs  remarques,  faites 
plus  haut,  ilu  caractere  de  cette  liaison  pr<§alable,  el 
suivant  dans  cette  circonstance  l'example  de  M.  Back- 

lund  qui  esl    line   autorite    hien    connue   dans   les 
lions  dii  mouvement  des  Cometes  (Voyez:    La  Comete 
(I'Encke    1891—  100S,    Fascicule    HI,   pg.   30), 
hi  les  equations  normales  suivant' 


1.22228x 

L.  14459 

0.24895?! 

9.39967 

0.77735?! 

1.72278 


+  1.14459y 
1.27660 
0.2081 In 
0.07591 
0.01751 
1.58179 


+  0.24895wz        +9 


+  0.777H5//U       +1.72278v 


0.20817?i 

0.38614 

9.12385?! 

9.92737 

0.74289?! 


De  la  les  Equations  d'eliminalions: 


1.2222Sx 


+  1.14459y 

0.85077y 


+  0.24895nz 

+9.11921nz 

0.35063   z 


0.07591 

9.12385?! 

0.83935 

9.11050 
0.21017 


+9.399671 

+  9.991 72t 
+  8.946S5nt 
0.83044  1 


0.91751 
9.92737 
9.11059 
1.88129 
0.67879?! 


+0.77735?iu 

+  0.70(104    u 

(-9.49862   u 

+  9.74750// u 

1.83973  u 


1.58179 
0.74989?! 

0.21017 
0.67879n 
2.2634  1 


+  1.7227S  w 
+  0.77744//W 
+  9.05901 //w 
+  0.2194  7  w 
+  1.28258  w 
0.74 1N4    w 


1. 75(1  Hi,/ 

2.13519?! 

0.90854 

1.31871?! 

2.20934 

1.45179?! 


1.75946?! 

1.94676?! 

9.57864 

0.90113?! 

2.32610 

1.37457 


I. a  solution  de  ces  equations  conduit  aux  corrections  suivantes  du  syst&me  des  (dements  A", 


AM  =   +4". 29 

A<p  =  +1".87 

AQ,   =  +0".04 


Att  =  -K".05 
Ai  =  -2".07 
An  =   -0".00099 


De  cette  maniere  j'ai  trouve"  les  syst&mes  ameliores  des  elements  de  la  Com6te: 

Systi  me  K,'  Iv/  K3'  K,'  K,' 

Epoque  et  oscul.     1884  Sept.  24.0     1891  Juill.  10.0     1898  Mars  15.0     1898  Aout  22.0     1904  Juin    12.0 


M 


Equin. 


352     1   2S.02 
.!4      7   11.36 

206  18  30.55 

19     0  45.85 

25  15  37.71 

523".78879 

1880.0 


351  59  13.53 
33  51  43.71 

206  21   25.14 

19     9  37.37 

25   14  31.14 

520".11583 

1890.0 


343  55  40.58 
33  44     0.53 

206  29     5.09 

10  21    1  1.28 

25  12   12.18 

518".40820 

1900.0 


6  58  0.20 
33  14  4.84 
206  29  3.07 
19  21  21.50 
25  12  13.29 
5  is". 36544 
1900.0 


312  52    19.69 
33  49     1.06 

206  28  59.73 

19  19  29.91 

25   14  38.15 

520".05102 

1900.0 
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Syst&me  K,/  K7'  K,'  K>'  K10' 

Epoque  et  oscul.     L906  Mars  14.0     1911  Mars  28.0     1912  Fevr.  11.0     1918  Jan.    10.0     1918  Dec.    16.0 


M 


Equin. 


Comete  comme  il  suil  : 


15  21   32.40 

311   47  41.95 

358     9     3.30 

311      1    5  7.  S3 

0  22     2.50 

33  49     9.80 

33  54  30.54 

33  55     2.22 

33  58  31.S5 

33  57  56.58 

206  37     2.25 

206  37  56.26 

206  37  53.32 

206  43   13.30 

206  42  44.1(i 

L9  26     2.00 

19  26  53.56 

19  27   57.40 

19  37  53.95 

19  38  51.64 

25   14  27.77 

25    15  58.10 

25    15  57.06 

25  17  3(1.77 

25    17  20.25 

52(1".  30490 

521".49866 

521".48030 

522".42893 

522".71793 

1910.0 

1910.0 

1910.0 

1920.0 

1920.0 

intent  les  Lieux 

normaux  de  la 

moyenne                    e  = 

±4".()1 

probabl 

e                     p  = 

±2  .67 

Epoque 


T.  M.  B. 


pt.  27.5 

Nov.  12.5 
1891   Sept.    6.5 

Nov.  3.5 
1898  Juill.  18.5 

Sept.  17.5 
1911  Juill.  2().() 

Aout    ll.u 


( !aleul 


Par  les  iliff.  coeff. 


A<>"      Ao"  cosS         A5" 


+  3.96 

+  2.74 

+4.03 

+  3.65 

-3.83 

-2.90 

-0.69 

-2.79 

-2.25 

-2.70 

+4.65 

-3.12 

+  5.08 

+4.50 

-3.06 

+  4.40 

-1.67 

-2.16 

-1.80 

+  0.46 

-4.13 

+  0.57 

+  2.63 
+  3.69 
-0.72 
-2.23 
-3.20 
-3.06 
-1.92 
-4.06 


En  phis: 


+  161.(10 
+  160.60 


d'ou  le  lieu  normal  de  la  Comete  sera   pressnte'  avec 
les  erreurs: 


Je  considere  les  systemes  K\  —  K'n,  comme  funda- 
mentals dans  toutes  mes  recherches  ulterieures  du 
mouvemenl  de  la  Comete. 

En  prenant  en  consideration  tous  les  details,  men- 
tionnes  plus  haul,  nous  devons  eonsiderer  nos  resultats, 
obtenus  de  la  liaison,  suffissamment  satisfaisants. 

II  est  remarquable,  que  le  caractere  et  la  repartition 
des  residus  obtenus  est  assez  pr&s  de  celui  que  j'ai 
obtenu  a  la  premiere  liaison  preliminaire,  produite 
avec  des  valeurs  pas  tout  a  fait  exactes  des  perturba- 
tions pour  la  periode  1884 — 1891  (Voyez  A.  N.  4607, 
pg.  417  —  418). 

Je  m'abstiens  de  faire  des  deductions  des  resultats 
que  j'ai  obtenus,  d'autant  plus  que  j'ai  l'espoir  de 
publier  prochainement,  s'il  plait  a  Dieu,  mes  calculs 
posterieurs,  concernant  la  representation  par  les 
systemes  /\ '.,  —  A"',,  ^\^■~  observations  de  la  Comete  en 
1918.  et  les  resultats  de  la  liaison  de  6  retours  de  la 
Comete  vers  le  Soleil  pendanl   1884—  1918. 

Vladi  ostoi  '  .  Decen  '<■  e.  I  US 


STELLAR  PARALLAXES   DERIVED   FROM   PHOTOGRAPHS   MADE   WITH   THE 
60-INCH   REFLECTOR  OF   THE   MOUNT   WILSON   OBSERVATORY, 


Bi   A.  \  w 
The  following  table,  giving  a  summary  of  the  results 
obtained  from  the  Mount   Wilson  parallax  work,  is  a 
continuation    of    the    list    published    in    Astronomical 
•I.   No.  723.     The  full  details  for  the  individual 
-  are  to  be  found  in  "The  Photographic  Deter- 
mination  ol    Stellar  Parallaxes  with  the  60-Inch   Re- 
flector,"   third    series    (Mount    Wilson    Contributions, 
No.  158),  and  fourth  series  (in  press). 

The  table  is  self-explanatory.  The  magnitudes  are 
taken  from  the  Revised  Harvard  Photometry,  except 
when  stated  otherwise  m  the  foot-note-.     The  spectra 


MAANEN. 

have  been  determined  by  Mb.  Adams,  except  those 
marked  by  an  asterisk,  which  are  from  the  Revised 
Harvard  Photometry.  The  proper-motions  are  from 
Boss's  Preliminary  General  Catalogue,  except  when 
otherwise  stated  in  the  foot-notes  and  for  lb.  B. 
4h  1189,  for  which  Porter's  proper-motion  is  given. 
The  values  in  the  eighth  column  are  relative  parallaxes; 
to  convert  them  into  absolute  parallaxes  about  0".002 
should  be  added.  The  mean  probable  error  of  a 
parallax  is  0".(I055;  the  mean  number  of  exposures  is 
16,  and  of  comparison  stars  8. 
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( Ibjed 

a   1900 

S   1900 

No.  B.  I> 

Mg. 

Sp. 

/' 

« 

P.  E. 

No 
Sxp. 

No 
Jump 
Stars 

N.  G.  C.     224 

1)        111         s 

(1  37  17 

+  40  43 

+  40     148 

Sp.  Neb. 

■ 

+  0.004 

0.005 

16 

9 

P.  G.  C.      161 

0  41  19 

+  14  56 

+  11     111 

5.58 

Ml,  (G 

(1.061 

+  0.012 

0.005 

16 

8 

Anonymous  I  1 

0  43  52 

+  4  55 

12.:;  1 

F0 

3.01 

|  0.21  1 

0.008 

16 

7 

P.G.C.     217 

1)  54  39 

+   5  57 

+   5     131 

6.31 

Ml.  (G, 

0.023 

-0.003 

0.007 

18 

6 

340 

1  28  30 

+  36  43 

+36    277 

5.77 

B9 

0.025 

+  0.015 

0.007 

18 

8 

373 

1  35  1  1 

+  25  14 

+  25     276 

6.26 

1'2|) 

0.135 

!  0.034 

0.004 

16 

8 

582 

2  29  13 

+  34  15 

+  34     169 

5.62 

Ma  (G7) 

0.002 

|-0. 013 

0.005 

16 

in 

Anonymous  (2) 
Anonymous  (3) 

2  45  44 
2   15  51 

+  22  38 
+  22  37 

12.1 
10.4 

0.003 

+  0.01  1 

0.009 

0.000 

16 

16 

14 
1  1 

P.G.C.     660 

2  51 1  1 1 

+  17  56 

+  17     157 

5.94 

G8) 

O.OIS 

f  (1.000 

0.006 

16 

7 

712 

3    2  41 

+  18  25 

+  18     114 

6.48 

K6 

0.042 

+  0.020 

0.005 

16 

10 

Nova  Pi  rsei  (4) 

3  24  24 

+  43  34 

13.0 

(i 

+0.007 

O.OOl 

1  1 

9 

889 

3  16  24 

+  48  21 

+48  1015 

5.92 

< ;, 

0.058 

+  0.01S 

0.002 

16 

11 

1154 

4  48  10 

+   2  21 

+   2    800 

5.  (17 

Ma* 

0.034 

!  0.007 

0.002 

14 

8 

1182 

4  53  26 

+  311  15 

+  39  1133 

6.00 

!■', 

0.013 

0.000 

0.003 

18 

8 

W.  B.  4h  1189 

1  55  7-1 

-    5  52 

-    5  1123 

6.50 

Iv, 

J.  250 

+  0.107 

0.006 

20 

8 

P.  G.  C.    1256 

5  11     7 

+  12  n 

+  42  123'.) 

5.SS 

Mb* 

0.049 

+  0.005 

0.004 

16 

9 

1267 

5  13  20 

+  20    2 

+  1'.)    893 

6.22 

Ko 

0.048 

+  0.019 

0.005 

is 

10 

1629 

6  22    8 

+30  33 

+30  1238 

var. 

F8p 

0.024 

+0.006 

0.004 

11 

9 

1643 

6  24  57 

+  78     5 

+  78    227 

5.SS 

K, 

O.OIO 

+  0.015 

0.005 

20 

7 

L822 

6  59  36 

+  34  38 

+  34  1524 

5.60 

<;, 

0.087 

+  0.034 

0.004 

16 

8 

1846 

7    5  36 

+  51  36 

+  51  1295 

5.69 

Ml.  ((,,i 

O.OIO 

+  0.00S 

0.003 

16 

N.  G.  C.  2392  (5) 

7  23  15 

+  21    7 

+  21  160(1 

lo.o 

Plan.  Neb. 

+  0.020 

0.003 

18 

8 

/'.  G.  C.    2245 

8  21  12 

+  12  59 

+  13  1912 

."..75 

G4) 

0.1  10 

+0.027 

0.005 

16 

10 

2378 

s  46  28 

+  28  38 

+  28  1659 

6.31 

Ml, 

0.022 

-0.001 

0.000 

16 

6 

2412, 

9     1  11 

+  23  23  / 

+  23  2048 

7.26 

F3 

0.161 

+  0.018 

0.007 

14 

7 

2442, 

9    1  41 

+  23  23  i 

7.74 

1", 

+  0.016 

0.000 

16 

7 

2660 

9  50  15 

+  57  54 

+  5S  1224 

5.99 

<u 

0.068 

+  0.004 

0.006 

16 

8 

2663 

9  51     8 

+   9  24 

+   0  2262 

5.93 

K, 

0.000 

+0.008 

0.0(17 

16 

0 

2800 

Hi  26  52 

+  14  39 

+  14  2255 

5.71 

Ma* 

0.041 

+  0.003 

0.003 

14 

7 

2915 

10  50  50 

+   6  43 

+  6  2369 

6.05 

Me  (G.) 

0.02:; 

-0.006 

0.005 

16 

8 

3030 

11  25  16 

+  18  58 

+  19  2459 

5.71 

K„ 

(i.()7s 

+  0.022 

0.007 

14 

6 

:■!  1  1 1 

11  56  32 

+36  36 

+  36  2230 

.-|.ti2 

<;, 

0.136 

+  0.034 

0.006 

14 

6 

3169 

12    4  34 

+   2  28 

+   2  2517 

6.13 

K, 

0.189 

+  0.026 

0.005 

18 

5 

N.  G.  C.  5194 

13  25  4d 

+  47   13 

+  4  7  2063 

Sp.  Neb. 

+  0.005 

0.008 

16 

8 

/'.  G.  C.   3581 

13  46  44 

+  35  10 

+  35  2493 

6.00 

Ma* 

0.072 

+  0.011) 

0.004 

16 

7 

3658 

14  10  22 

+  41  59 

+  42  2472 

6.22 

K; 

0.122 

+  0.023 

0.005 

16 

7 

3983 

15  34  59 

+80  17 

+  80    480 

6.93 

G3 

O.2  10 

+  0.010 

0.016 

16 

7 

3986 

15  35  12 

+  80  47 

+  S0    481 

7.61 

0.230 

+  0.031 

0.016 

16 

7 

4195 

16  23  28 

+  0  53 

+  0  3529 

5.47 

K5 

0.076 

+  0.014 

0.007 

16 

11 

4343 

16  59  55 

+  35  33 

+  35  2911 

0.75 

Mb  (G7) 

0.058 

+  0.007 

0.005 

20 

8 

Anonymous   (6) 

17  52  54 

+   4  28 

0.67 

Ml, 

10.206 

+  0.510 

0.01 10 

18 

8 

.V.  G.  C.  6720  (5) 

is  19  53 

+  32  54 

14.7 

Plan.  Neb. 

+  0.002 

0.005 

14 

9 

/'.  G.  C.    4817 

18  53  48 

+  17  14 

+  17  3799 

5.37 

F8 

0.009 

-0.001 

0.001 

16 

8 

Y.  G.  C.  6804  (5) 

19  26  48 

+   9     1 

13.4 

Plan.  Neb. 

+  0.020 

0.003 

18 

8 

P.  G.  C.   5083 

19  48  58 

+46  46 

+  46  2793 

5.51 

B2 

0.015 

+  0.007 

0.005 

16 

10 

B.  D.  +36°  3956  (7) 

20  10  47 

+  36  21 

+  36  3956 

8.0 

O 

-0.005 

0.006 

20 

9 

N.  G.  C.  6905  (5) 

20  17  56 

+  19  47 

14.5 

Plan.  Neb. 

+  0.013 

0.002 

18 

9 

P.  G.  C.   5409 

20  55  53 

+  18  56 

+  18  4675 

5.96 

Ma* 

0.075 

+  0.007 

0.004 

16 

7 
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Object 

a   1900 

8  1900 

No.  B.  D 

Mg. 

Sp. 

," 

* 

P.  E. 

No. 

Exp. 

No. 
Comp. 
Stars 

N.  G.  C.  runs  (5) 
P.  G.  C.   5602 

in  29 

h       in       s 

20  57  38 

21  11  51 
23  47  32 

+  54  10 
+  25    6 
+  74  59 

+  24  4473 
+  74  1047 

12.8 
6.48 
6.55 

Plan.  Neb. 

K, 

K4p 

II. 1  is 
0.332 

+  0.014 
+  0.003 
+  0.097 

0.004 
0.005 
0.004 

20 
14 

18 

9 

8 

7 

Foot 

-Notes 

(1)  This  star  was  found  by  van  Maanen  to  have  a 
proper-motion  of  3". 01  annually;  the  magnitude  as 
determined  by  Sharks  is  12.34  photovisual,  12.91 
photographic. 

2)     The  magnitude  is  that  published  by  Burnham 

in   Mi  Proper-Motion   Star*.     Burnham   sus- 

1  a  large  proper-motion,  which,  however,  was  no1 
confirmed  by  later  observations. 

(3)  The  magnitude  is  that  published  by  Ptjisetjx 
in    Bulletin    Asi  U6,    L909.     Ptjisetjx 

cted  the  star  to  have  a  large  proper-motion,  1ml 
later  observations  have  shown  that  it  has  ho  con- 
siderable motion. 

-1 1     The  magnitude  was  derived  from  the  parallax 


plates  and  is  on  the  scale  of  Lick  Observatory  Bulletin, 

No.  s. 

(5)  To  derive  a  homogeneous  system  for  the  pho- 
tographic magnitudes  of  the  central  stars  of  the  plan- 
etary nebulae,  counts  were  made  of  the  number  of 
stars  of  equal  and  brighter  magnitudes  in  as  large  an 

plates  allowed;  then  with  the  help  of 
Table  IV  of  Groningen  Publications.  No.  27.  the  appar- 
ent photographic  magnitudes  were  determined. 

(6)  This  star  was  found  by  Barnard  to  have  a 
proper-motion  of  10". 3  annually;  the  magnitude  as 
determined  by  Seares  is  9.67  photovisual,  11.43  pho- 
tographic. 

(7)  The    magnitude    is    that   given    in   the    Bo 
Durchrnusterung. 


1919   EPHEMERIS   OF   (886)    WASHINGTONIA, 

By  ERNEST  CLARE   BOWER. 

Vdmiral  .1.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent.] 

The   following  ephemeris   is  derived   from  elements  in  .1.  •/.  31,  155.     Magnitude  at  opposition 


1 

Jan. 

1 

1  1 

21 

31 

Feb 

10 

2n 

0  1000 

(logr) 
log  P 

G.  C.  T. 

a  1900 

1918 

li         m 

+  35   16 

(0.547) 

.Mar.     2 

S    46.6 

36  28 

lie, 

0426 

12 

8   ll.ii 

3.2 

37  34 

51 

0.423 

22 

s  37.8 

0.9 

38  28 

37 

11.12  1 

Apr.      1 

8  36.9 

39     5 

17 

0.430 

U  S.  Naval  Obsei 

VII 

"in. 

39  22 

1 

0.440 

Washington, 

mm  .i 

a. 

C 

' 

3 '.i  21 


39     4 


38  33 
+37  53 


is  14.1. 

log  P 

I). 455 
0.471 
0.490 
0.569 


9  35  7 


9  29.7 


9   21.7 


9   12.:. 

0      3.0 


8  54.1 
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OBSERVATIONS   OF   COMETS, 

.MADE    WITH    TUE    40-INCH    AND    ll'-IMil    aEFRACTORS    OF     Mil      STERK]    3    OBSERVATORY, 

B-s   GEORGE  VAN   BIESBROECK. 


Date 

Gr.  M.T. 

Ja 

j,; 

No.  of 
( lomp. 

A.pp.  < 

\;-n 

log  pJ 

* 

Instr. 

C 

omel 

W 

»i.F    1910  b 

1917 

July     8 

19  41  27 

+0  19.92 

- 

2  27.0 

6  , 

6 

23    0  48.97 

+  21  10  21.9 

9.398?)    0.488 

1 

12 

to 

is  52  54 

-0    3.07 

- 

2    5.3 

6, 

0 

3  50.  Hi 

24  38  26.2 

9.529//     0.541 

2 

10 

19 

19  44    4 

+  0  13.69 

+ 

4  21.(1 

6, 

(i 

Hi  15.90 

24    5  56.8 

9.287«    o,175 

:i 

40 

23 

16  52    5 

+  0    3.80 

+ 

1  25.2 

0  , 

0 

20  49.36 

23  39  29. Ii 

0.li29//     0.(133 

1 

12 

24 

18  31    7 

-0    3.11 

+ 

1  13.0 

6 

(i 

21  59.:;  I 

23  30  51.0 

9.472// 

0.533 

5 

10 

27 

17  21  48 

-0  27.86 

+ 

4  22.2 

6  , 

(i 

25     1.18 

23     3  54.3 

9.5s  1// 

0.597 

6 

12 

Aug.     7 

18  23  21 

-1    0.40 

- 

0  49.1 

s  , 

4 

33  49. (ill 

20  12  35.0 

9.364?? 

0.550 

7 

40 

14 

20  33  15 

+  0  14.80 

- 

3  35.3 

0  , 

ii 

37  23.70 

is  38  42.7 

S.S31 

0.551 

8 

12 

16 

16  43  35 

+  0  19.71 

+ 

2   1S.1 

4  , 

6 

38    5.19 

18    2  42.2 

9.524k 

0.(130 

9 

III 

18 

20  40  51 

+  0  20.18 

+ 

1  20.3 

6  . 

6 

38  15.20 

17  18  11.4 

9.032 

0.577 

10 

12 

24 

19  48  15 

+  0    0.62 

+ 

3  13.2 

6  , 

6 

39  59.78 

15    6    5.5 

8.706 

0.1100 

11 

12 

Sept.  10 

20  20  18 

-0  23.09 

- 

3    6.0 

6  . 

0 

39  58.15 

8    0    3.1 

9.0S9 

0.701 

12 

12 

15 

IS  17  25 

-0    0.80 

- 

6  10.2 

0  , 

6 

39  28.39 

5  54  42.4 

8.625 

0.718 

13 

40 

17 

19  16  16 

+  3  29.88 

- 

7  27.0 

25  , 

5 

23  39  15.17 

+  5    3  36.3 

9.218 

0.730 

14 

12 

C 

omet 

En 

CKE     1917    C 

1918 

Mar.     1 

1 

13  26  52 
13  26  52 

-0  30.49 

6 
6 

0  34  37.42 

9.011 

O  75  1 

15 
10 

12 
12 

1  21.0 

+  10  58  29.5 

2 

13  28  46 

+  1  31.85 

+ 

2  26.9 

0  , 

0 

0  30  56.57 

+  11     7  26.0 

0.0  12 

0.755 

17 

12 

Wolf' 

s    Pel 

iodi 

c  Gomel    1918 

b 

1918 

July    11 

18  45  10 

+  0  13.26 

— 

0    4.1 

(i  . 

0 

20  34     7.49 

+  24  58  23.0 

8.729* 

0,122 

IS 

10 

13 

20  34  55 

+  0    0.70 

- 

2    0.4 

I)  , 

0 

33    2.37 

25  17  L3.8 

9.277 

0.119 

19 

10 

18 

20  21  12 

+  0  10.21 

+ 

1  55.8 

(5  , 

0 

30    4.58 

25  56    7.2 

9.317 

0.442 

20 

40 

20 

18  52  34 

+  0  12.27 

- 

0    9.0 

6, 

6 

28  48.35 

26    8  36.1 

8.674 

0.393 

21 

40 

27 

16  38  11 

-0    5.44 

+ 

2    7.7 

6, 

6 

23  50.68 

26  39  50.8 

9.2  IS/, 

0.407 

22 

40 

30 

18  20    8 

+  0    7.24 

- 

5    1.9 

o, 

0 

21  28.1!) 

26  16  14.5 

8.888 

0.381 

23 

40 

Aug.     3 

16  24  30 

+  0    6.59 

- 

0  26.1 

6, 

6 

18  22.28 

26  47  35.6 

9.101 

0.391 

24 

40 

4 

19    4  26 

+  0    4.69 

— 

4    0.7 

0  , 

6 

17  29.07 

26  46  32.6 

9.330 

0.426 

25 

40 

7 

21  28  59 

+  0    0.09 

- 

0  30.1 

6  , 

6 

15     1.02 

26  40    3.5 

9.01(1 

0.014 

26 

40 

18 

18  26  52 

-0  10.00 

- 

1  23.3 

6, 

6 

7    9.01 

25  36  20.9 

9.419 

0.476 

27 

40 

31 

16  53  46 

+  0    2.73 

+ 

1  41.0 

6, 

6 

20    1    6.77 

+23     1  33.6 

9.. 'SI 

0,19(1 

28 

40 

(89) 
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Date 


No.  of 
Corap. 


App.  a 


App.  5 


log  /,J 


Instr. 


Wolf's   Periodic  Comet    19  IS  b     (Continued) 


Sept. 


Oct. 


.Ian. 


Feb. 
Mar. 


11 
28 
29 

3 

6 

Nov.  23 

26 

,.  ,     30 

3 
24 
25 
::i 

1 

21 


15  33  16 

13  27  30 

13  55  35 

i:,  15  :;i 

i:;  57  32 

12  18    5 

L4  51  26 

1  1    3  37 

L2  :;:;  54 

12  48  411 

12  31  43 

12  16     i 

12  44    8 

L3  49  13 

A.ug. 

31 

Sept 

5 

8 

15 

15 

28 

Oct. 

6 

12 

13 

Nov. 

10 

24 

26 

Dpc 

3 

[910 

Jan. 

2 

3 

8 

10 

13 

IT, 

16 

17 

IS 

10 

20 

24 

31 

Feb. 

1 

5 

23 

Mar 

2 

21  23  12 
21  58  25 
21  31  57 
21  21  23 
21  35  6 
20  26  33 

20  (I  .V.I 
21)   12  30 

21  39  53 
17  37  26 

17  21   1  5 

15  12 :,: 
L6  32  2:i 

I  7  22  1 
17  30  7,4 
17  2'.)  2'.) 

16  55  22 
16  II  :>7 

16  28  21 
17,  7,7  L3 
Ki  III  22 
14  15  19 

17  37  28 

II  54  32 
1 3  58  1 7 

III  11  16 
L3  2  19 
13  17  30 
ir,  58  19 
li.  :;i     l 


-0 

58. 1 1 

-0 

7.34 

+  0 

1.(10 

-1  4  1. HI 

-0  14.56 

+  0  11.18 

-0  11.63 

+  0 

3.10 

+  1  20.68 

+  0 

6.90 

+  0  10.90 

+  0  2(1.711 

+  0 

9.36 

-0 

2.01 

2  16.2 

3  20. 1 
2  11.3 

0  13.6 
2  18.2 
5  21.1 

2  13.4 

3  5.9 

1  16.6 
1    3.6 

-  4  33.4 

-  0  I."). 2 

-  2    5.5 
-10  47.2 


+ 


+ 


+ 


12  . 

6 

8  , 

8 

i.  . 

6 

8  . 

4 

6  . 

6 

6  , 

6 

6  , 

6 

6  , 

6 

10  , 

5 

(1  . 

6 

(>  , 

6 

0  , 

6 

6  , 

6 

6  , 

6 

20     0  150 

9  III! 

10  29 

14  42 

20  IS     0 

21  55  23 

22  3  31, 
22  II  6. 
2.3  48  44. 

o  17  13. 

0  1!)  56. 

1  (I  10. 
1  0  2. 
3  111  29. 


J- 10  56 
14  13 
HI  7,1 
12  25 

+  1  1  23 
-    1  40 

-28 

-  2  40 

-  3  7,0 

-  2  11 

-  2  35 

-  22 

-  1  56 
+  3  12 


10.7 

9.075 

0.7,:;:, 

29 

30.0 

8.150?? 

0.0  IS 

30 

7,2.(1 

8.648 

0.02  1 

31 

12.4 

9.418 

0.668 

32 

24.1 

8.932 

0.658 

33 

37.4 

S.SI2 

0.786 

34 

38.8 

0.7)12 

0.7SI 

35 

3.5 

0.  127, 

0.789 

36 

15.8 

9.268 

o.soo 

37 

10.1 

0.1107 

II.  7!  HI 

38 

55. 1 

9.158 

0.702 

39 

20.7, 

0.4  1 1 

0.786 

40 

20.7, 

0.110 

0.7S7, 

41 

23.1 

9.607 

0.7(12 

42 

Borrklly's  Periodic  Comet    1918  c 


-0    0.07 

-2  35.85 

-0    8.98 

-2  31.86 

+  0    1.65 

-0  11.84 

-0  30.51 

-0  10.00 

-0    9.07, 

-1  39.10 

+  0      1.7,0 

-0  16.42 

-0  22.44 

-1    1  1.43 

-()  15.41 

+  0     1.58 

+  o    6.86 

+  0    (1.77 

-0    9.85 

+  0  31.01 

+  1    3.56 

+  0  :;o.7il 

0  35.45 

-0    5.50 

+  0  20.li) 

o  52.34 

-0    o.si 

(I  7I.S7 

-0  32.85 

-  3  10.2 

+  2  46.6 

+  1  30.1 

+  o  38.6 


+  0 

+  0 

+  o 

+  o 

+  0 

+  I 

+  o 

+  o 

+  1 

-  1 

+  2 

-  4 

-  1 
+  2 
+  o 
+  o 

-  1 
+  o 

-  l 

-  3 

-  3 

-  3 
+  1 

-  2 
+  5 


40.4 
7,3.:  I 
22.0 
11.4 
23.0 
2.7 
20.1 
40.5 

i.:; 
24.2 
12.:  I 

l.o 

10.7, 
11.7 
7,2.7 
7,4.0 
S.l 
40.6 
I  l.o 
12.0 
20.S 
7,7.0 
20.  1 
19.7 
17.5 


6 

6 

8 

4 

6 

6 

3 

6 

8 

8 

6 

6 

12 

6 

6 

6 

0 

6 

10 

4 

0 

6 

6 

6 

(i 

6 

10 

6 

0 

6 

0 

6 

0, 

6 

(I 

6 

0, 

6 

s 

8 

0 

6 

6 

6 

6 

6 

6 

0 

6 

o 

6 

6 

0 

6 

(1 

6 

(i 

6 

34  19.15 

45  18.81 

7,1    17,.  71 

0  40.01 

33  11.7,0 

IS  40.07, 

59  48.70 

1  41.17 

14  IS. 20 

7,7  41.07 

58  7,1. si 

1  4S.S7, 

1  1  110.211 

111  20.27, 

37  41..  . 

117,  42.01 

32  7,2.00 

ill   13.03 

30  30.03 

29  47.76 

2'.)  17,.  (is 

2s  110. 117 

28  12. OS 

27     2.7,1 

28    3.19 

28  30.78 

31  12.00 

7,0  21.01 

0  52.45 

-14  1  7,0.0 
-13  29  47.4 
-13  9  21.7, 
-  12  17,  2S.0 


-10 

-  8 

-  0 

-  0 
+  " 
+  20 
+  22 

30 
58 
59 
61 
02 
63 
0  1 
64 
64 
04 
04 
07, 
07, 
00 
00 
00 
64 
+  03 


6  37.1 
10  42.1 
39  17.3 
19  7,4. S 
7,4  39.7 
42  22.0 
16  8  I 
l()  lis. 7 

10  27.1 
22  36.7 
46.4  .  . 
IK)  HI.!) 
30  22.0 

3  7,1.0 
is  (0.0 
113  3.4 

11  41.0 
58  20.1 

s  o.o 

12  ls.o 

12  111.2 
I  I  21.0 
17,  27.1 
53  21.:: 
7,4  1.7 


0.4  23// 

0.846 

43 

0.2sl,/ 

0.853 

44 

9.359?? 

O.S47 

45 

O.S10 

46 

'i  344? 

46 

9.432// 

0.828 

47 

0.119/, 

0.818 

IS 

9.293// 

o.sio 

49 

8.952?? 

O.S10 

50 

9.557/! 

0.720 

51 

0.7,40// 

0.001 

52 

0.07,0,/ 

0.072 

53 

9.608?? 

0.496 

54 

0.031,/ 

o.:;ss„ 

55 

8.755?? 

0.408?? 

7,0 

8.515 

0.407,,/ 

57 

S.Sl   l,; 

0.479?? 

58 

8.795?? 

0.100,. 

7,0 

8.908?? 

0.7,00,/ 

00 

0.201!,, 

0.7,01,/ 

0  1 

8.186?? 

0.7,21,/ 

62 

0.700,/ 

0.302,/ 

63 

9.481 

0.381?? 

64 

0.7,00,, 

0,100,, 

65 

0.77,1// 

II   |ns„ 

00 

O.SI  7,// 

0.365?! 

0,7 

9.829?? 

0.349?? 

68 

9.010// 

0.481?? 

69 

9. 70S 

0.361?? 

70 

9.713 

0.372// 

71 

40 
40 
40 
40 
40 
12 
12 
12 
12 
12 
12 
12 
12 
12 


40 
40 
40 
40 
40 
40 
40 
40 
10 
40 
40 
12 

10 

12 

10 
10 
40 
40 
40 
40 
10 

12 

10 

12 
12 
12 
12 
12 
40 
Hi 
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'il 


( 'omparison  Slurs. 
Mean-  Co-ordinates  for  Beginning  of  Year  and   Reductions  to  Apparent  Places 


No. 

a 

» 

Red.  '< 

Red.  d 

Authority 

1 

h       in      s 

23    0  25.82 

+  24  42  37.8 

+3.23 

+  11.1 

Paris  ph.  +24°,  22h  56ra  No.  Ill;  Oxf.  |>h.  25°  80494. 

2 

3  50.25 

24  40  19.8 

3.28 

11.7 

Paris  ph.  +24°,  23h     I"'  No.    53;  Oxf.  ph.  25°  80485. 

3 

15  58.78 

24     1  21.6 

3.40 

14.2 

Paris  ph.  +21  .  23h  L2m  No.  340;   +23  ',  23h  10'"  No.  70. 

4 

20  41.97 

23  34   19.1 

3.59 

15.3 

Paris  ph.  +24°,  23h  20"'  No.  211;    I  23  .  23h  L6m  No.  L56. 

5 

21  58.84 

23  26  22.4 

3.61 

15.6 

r.uis  ph.  +2  1.  23h  20m  No.  223:   +23°,  23h  21"'  X,,.  27. 

6 

2:.  25.36 

22  59  15.5 

3  68 

10.0 

Ku  10404. 

7 

34  Hi.l  1 

20  43     4.3 

3.92 

L9.8 

Paris  ph.  +21    231  32-"  No.  180. 

8 

37    4.85 

18  -J!  56.2 

4.05 

2l.s 

A.G.  Berl.  A  9661. 

9 

37  41.39 

IS    0     1.7 

4.09 

22.4 

A.G.  Berl.  A  9663. 

10 

38  20.90 

17  10  22.1 

4.12 

23.0 

Bordeaux  Obs.  mer.  1'.. I),  io    loos. 

11 

39  54.94 

15    2  27.7 

4.22 

24.6 

Bord.  ph.  fl4°,  23u  36™  No.  79;  15°,  23h  40ra  No.  113;   111  ,  23"  36m  N 

L2 

Hi  16.82 

s    2  ll.o 

4.42 

28.1 

1509. 

L3 

39  24.73 

6    0  53.9 

4.40 

2S.7 

A  G.  Lpz.  //  11748. 

14 

23  :!-■>  40.82 

5  10  34.4 

4.47 

28.9 

Boss'  P.G.C.  0077. 

15 

(i  35  13.39 

11     4  47.9 

0.52 

3.9 

Tou.  ph.  +11°,  01'  36'"  No.  103. 

10 

;  ,    6.03 

10  59  19.6 

0.52 

3.0 

Ton.  ph.  +11.  o    36™  No.  100. 

17 

ii  35  24.21 

11     1  55.5 

0.51 

3.6 

Tou.  ph.  +11°,  ()h  30'-  No.  105  (with  (t.  =  +03.009). 

18 

2()  :;:;  50.53 

24  58  15.4 

3.70 

11.7 

Paris  ph.  +21  ,  201'  32ra  No.  223;   Oxf.  ph.  25°  69849. 

19 

32  57.88 

25  19    2.0 

3.73 

12.2 

Oxf.  ph.  +25°  69940,  +26°  66618. 

20 

29  50.58 

2.",  53  57.9 

3.79 

13.5 

Oxf.  ph.  +25°  09470,  +20    66948. 

21 

28  32.26 

26    8  31.1 

3.S2 

14.0 

Oxf.  ph.  +26°  66086,   f  26°  67056,  +27°  57437. 

22 

2:1  52.25 

20  37  27.3 

3.87 

15.8 

Oxf.  ph.  +26°  66215,  +27°  56868. 

23 

21   17.00 

20  50  59.9 

3.89 

io.:, 

A.G.  Cambr.  1  1261. 

24 

IS  11.79 

20  17  44.2 

3.90 

17.5 

Oxf.  ph.  +26°  65585,  +27°  56900. 

25 

17  20.48 

20  50  15.6 

3.90 

17.7 

Oxf.  ph.  +26°  65605,    1-27    .-,0031. 

26 

14  57.63 

20  in  15.2 

3.90 

18.4 

Oxf.  ph.  +26°  65551,  +27°  56 ). 

27 

7  15.15 

2.-,  37  23.:» 

3. so 

20.7 

Oxf.  ph.  +25°  66204,  +20°  63654. 

28 

1     0.27 

22  .V.I  l*'.i. S 

3.77 

22. S 

Paris  ph.   (-  22  .  l':>!'  ii"  No.  295;      23  ',  19"  56m  No.  971;  20h  1"'  No.  569. 

29 

1  24.90 

L9  58    9.0 

3.68 

23.9 

A.G.  lUrl.  A  7912 

•30 

9  37.05 

14    9  46.1 

3.58 

24.7 

A.G.  L-pz.  I  7788. 

31 

10  25.12 

13  53  39.2 

3.58 

24.7 

A.G.  L-pz.  I  7soo. 

32 

10  23.00 

12  2."i  31.0 

3.57 

25.0 

A.G.  Lpz.  I  7853. 

33 

20  IS  20.74 

+  11  25  17.1 

3.55 

21.0 

A.G.  Lpz.  I  7880. 

34 

21  55    8.63 

-    1  46  23.9 

3.62 

2.V  1 

A.G.  Sir.  767S. 

35 

22    :;  39.71 

-   2    0  ,-,o.i) 

3.63 

2.-,.:, 

Alg.  ph.  -2°,  22h0'"  No.  192. 

36 

22  i:;  59.75 

-    2  37  23.0 

3.05 

25.4 

A.G.  Sir.  776  1. 

37 

23  17  23.13 

-    3  57  33.2 

0.85 

4.0 

A.G.  Sir.  8154. 

38 

0  47    6.10 

-    2  42  15.9 

0.80 

2.2 

Alg.  ph.  -2°,  0''48'"  No.  60. 

39 

0  49  44.90 

-    2  31  23.7 

0.S1 

2.0 

Alg.  ph.  -2°  ,  0h  4s-  No.  74. 

10 

1     5  58.13 

-   2    1  36. S 

0.83 

l.:, 

A.G.  Sir.  261. 

41 

1     8  52.00 

-    1  54  2.5.4 

0.83 

+    1.4 

Alg.  ph.  -2°,  lh4m  No.  51;  l1'  12-  No.  94;    -1°,  l1'  8m  No.  36. 

42 

3  13  31.19 

+   3  23  12.6 

0.86 

-    2.3 

A.G.  Alb.  952. 

43 

4  34  17.:;7 

-13  58  58.1 

2.75 

+  18.5 

Anon.  11M  referred  to  Tar.  ph.  —15°,  4h  36'"  No.  50. 

44 

4  47  51.84 

-13  32  51.0 

2.82 

17.0 

A.G.  Camb.  M.  1219. 

45 

1  :,l  51. '84 

-13  11     8.3 

2.88 

10.7 

A.G.  Camb.  M.  1246. 

46 

5    9    8.86 

-12  16  21.7 

+3.01 

+  15.1 

.4.6'.  Camb.  M.  1360. 
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No. 

a 

o 

Red.  a 

Red.  S 

Authority 

17 

5  33    6.55 

-10    7  38.7 

+  3.30 

+  12.2 

A.G.  Camb.  M.  1526. 

48 

5  is  48.40 

-   8  20  45.3 

3.49 

9.9 

A.G.  Couth.  M.  1674. 

49 

6    0  L5.57 

-    6  39  47.0 

3.64 

8.0 

.1/,'.  Camb.  M.  1756. 

:,(i 

6     1  48.49 

-   6  20  13.9 

3.67 

+    7.7 

A.G.  Camb.  M.  1773. 

51 

6  1 1  22. 72 

+   7  48  19.4 

4.62 

-   3.6 

A.G.  Lir..  II  3244. 

52 

ii  59  1  l.sl 

20  41  20.0 

5.36 

-10.0 

g  Gi  minorum  (X.  A.  1918). 

:,:; 

6  58  17. si 

22  45  19.8 

5.50 

-10.5 

Paris  ph.  +22°,  6h  56m  No.  293;  23°.  7h  0" 

X  ..  660. 

54 

7     1  59.24 

30  41)    2.1 

6.03 

-  12.0 

Oxf.  ph.  +30c   18035,  31°  18310. 

55 

6  1  1  54.32 

58  18  28. 1 

4.35 

-   5.6 

A.G.  Hels.  1743. 

56 

ii  1 1  33.25 

59  24    6.3 

4.43 

-    5.4 

A.G.  Hels.  47  in. 

57 

ii  37  51. 

(il  43.8 

4.78 

-    3.5 

B.D.  (il°  904. 

58 

6  35  36.45 

62  34  50.7 

t.9] 

-    2.8 

Vat.  ph.  63°  12804. 

59 

6  32  40.17 

63  32  10.2 

5.06 

-    1.7 

Vat.  ph.  63°  13028.  04"  9491. 

60 

6  31     1.12 

64     1  41.0 

5.14 

-    1.1 

Vat.  ph.  64°  0571;  Or.  ph.  64°  2325. 

61 

ii  30  34.70 

64  17  48.6 

5.18 

-    0.7 

Vat.  ph.  64°  0600;  Or.  ph.  (14°  2334. 

62 

(i  29  10.63 

64  32    O.s 

5.22 

-    0.4 

Vat.  ph.  64°  9643,  0270;   (Jr.  ph.  64°  2330. 

63 

6  28    6.87 

01  45  19.1 

5.25 

0.0 

Vat.  ph.  64°  9322,  9675;  dr.  ph.  64c  2316. 

64 

'6  28    0.36 

(il  57  39.5 

5.28 

+  0.3 

Vat.  ph.  64°  9353,  0708;  Gr.  ph.  01    2321. 

65 

6  27  31.32 

ii.",    9  44.9 

5.31 

0.6 

Or.  ph.  05°  2184. 

66 

6  27    2.66 

65  45  29.0 

5.38 

1.6 

Gr.  ph.  (i.v    ! 

67 

6  27  28.41 

r,c,  in   6.8 

3.2 

Or.  ph.  00°  2IK7. 

68 

6  29  17.71 

66  18  1S.4 

5.38 

3.2 

Gr.  ph.  06°  21(13. 

69 

6  31  16.58 

66  13  54.1 

5.29 

3.(1 

.4/,'.  Chr.  1063. 

70 

■:;  ;,7    8.70 

(il  55  39.5 

1.7s 

4.5 

Vat,  ph.  64°  10120. 

71 

7  10  20.80 

+  63  48  40.0 

+  4.50 

+   4.2 

.1//.  Hels.  49S1. 

Rem  irks 

£>  Wolf  1916  6 
These  observations  arc  continued  from  A.J.  695  (1916)  and  Monthly  Notices  R.  A.  S.,  Dec.  1911 
July    24.     Brightness  ±9  +     Small  stellar  nucleus  ±13  +     Short  fan-shaped  tail;    axis  in  200° 


July  27. 
Aug.  14. 
Aug.  18. 
Sept.  in. 

Sepl.    17. 


.Mar. 


Estimations  of  brightness  by  Argelatntder's  method  (in  3-inch  finder) 
H.I).  +22°  4846  (8M.6)  -3-#;#-2-  B.D.  +22'    1845  (9M.l);  #  =  8M.9. 
B.D.  +18c  5194  (9M.2)  -  1  -  #;  &  =  9M.3. 

B.D.  +16°  4968  (9+3)  =  #;  <£/  =  9M.4. 

B.D.  +   7°  5080  (9M.0)  -  2  -  #;  .  <#  =  0+2. 

B.D.  J    .V  5213  (8+9)  -  5  -  #;  #  -  5  -  B.D.  +4C  5042  (9+5);     <#  =  9M.2. 

£/  Encke   1917  c 
Round    nebulosity   of   55"   diameter.     Central    condensation.     Brightness   in   3-inch   finder: 
B.D.  +10°  70  (7+3)  -  5  -  #;  #  -  5  -  B.D.  +10'   80  (8M.3);  hence  <#  =  7+8. 


1918     July 

27. 

Aug. 

3. 

Aug. 

1. 

\ivA. 

31. 

Sept. 

28. 

Oct, 

3. 

4     Wolf   1918  6 
Total  brightness  13  +  + 

T.Mai   13'+'. 


Stellar  condensation  1 1  M.(>. 

Stellar  condensal  ton  1  I  +.M 

Shorl  tail  abouf  15"  in  190  . 

Total  brightness  13  +  +  stellar  nucleus  11+  tail  35"  in  170°. 

Total  brightness  13+  stellar  nucleus  14  +  +  tail  in  148°. 

Total  brightness  13+   nucleus  ±15M;  sharply  defined  fan-shaped  tail  in  135°. 
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1918     Oct. 

Nov 
L919     .Jan. 

Jan. 

Mar 


«£>  Wolf   L918  6     {Contii 
6.     Total  brightness  12'2":  diffuse  nucleus  ±14M;  taU  like  a  shorl  fan  oJ   120    opening. 
30.     Brightness  IP1;  nucleus  13M;  round  nebulosity. 
3.     Brightness  1l>m:  sharp  nucleus  L3M;  round  nebulosity. 
24.     Round  nebulosity  I'  in  diameter. 

21.      Diffuse  extended  nebulosity;    total  brightness  aboul   L3J^M.     Near  limil  of  twelve-inch  instru- 
ment. 


1918  Aug 
Sep1 
Sept 
Ocl 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 

Dec. 


1919 

Jan. 

Jan. 

Ja  n. 

Feb. 

Mar. 

Williai 

£/  Borreli/s    1918  c 
31.     Total  brightness  13M;   tail  35"  in  95°;    nucleus  elongated  in  same  direction. 
15.     Interrupted  by  clouds. 
28.     Total  brightness  12M;  nucleus  I  4HM- 
(i.     Total  brightness  ll'L,M:  nucleus  L3M;  tail  90"  in  90°,  jusl  in  the  direction  of  the  Sun  ! 

12.  10M;   nucleus  12M;   tail  70"  in  00°. 

13.  Smoky  atmosphere;  tail  75"  in  90  . 
1G.     Tail  in  95°. 

10.      HI1  2M;   tail  aboul  4'  in  100°. 

24.     11M;   nucleus  12M;    tail  in  85°  bul  very  dissymmetrical;    the  nucleus  is  near  the  southern 
of  the  nebulosity. 

:;.     Total  brightness  in  3-inch  finder:    #  =  B.D.  30°  1421  (9M.l).     Nebulosity  extends  sy - 

rically  2'  east  and  west  of  the  nucleus,  but  only  1'  toward  the  north  and  \  ■_.'  towards    the 
south. 
3.     Very  elongated  nebulosity,  the  ratio  of  the  two  axis  being  aboul  5  to  1;    major  axis  in    50'  : 
t  he  nucleus  nearly  in  the  cenl  i  r. 
24.     Brightness  aboui    L2M.     Small  round  nebulosity  about    15"  in  diameter;    central  nucleus. 
31.     Brightness  llM.5;  nucleus  12M.5;  central  condensation. 
23.     Brightness  13M. 
3.     Brightness  L3MM. 
•  ■..;„,  May,   l 


NOTE   ON   APPARENT 


PLACE   OF   ASTEROIDS   AND   COMETS, 

Bi    E.  MILLOSEVICH, 
[From  a  letter  to  the  Editor. 


I  read  in  No.  750  of  the  Astronomical  Journal  the 
note  of  Mr.  E.  C.  Bower  "On  Apparent  Place  of 
Asteroids  and  <  lomets." 

It  is  also  my  opinion  thai  the  apparent  place  reduc- 
tion of  the  stars  referred  to  is  dispensable  with  equa- 
torial observations,  the  more  so  as  dR  is  negligible 
■xeepi  in  exceptional  cases,  and  on  the  other  hand  the 
small  correction  can  be  noted  annually. 

It  also  seems  opportune  to  mention  the  complete 
discussion  of  the  question  by  the  late  astronomer 
Ristenpart  {A.  N.  3832  —  3833). 

li  all  the  visual  observations  .and  the  photographic 
measures  referred  to  a  given  star  are  presented  in  the 
aforesaid  form,  the  place  of  a  planet  or  of  a  cornel 
referred  to  the  mean  equinox  of  the  beginning  of  the 
year,  as  is  the  place  of  a  star,  is  free  from  the  differen- 
tial effect  of  precession,  of  nutation,  and  aberration  of 


tin1  fixed  stars  and  the  placs  observed  from  the  Earth 
at  the  time  7'i  corresponds  to  the  heliocentric  place  oi 
the  star  at  time  7',,.  where  T,  -  T.,  -  498s.6o  A  ,  A 
being  the  distance  of  the  movable  star  from  i  he  I  arth. 
Therefore  in  order  to  compare  the  observed  place 
with  the  ephemeris  calculated  according  to  this 
criterion,  the  lime  observed,  corrected  lor  the  lun^i- 
tude  to  adapi  it  to  the  meridian  of  the  ephemeris, 
must  not  he  further  corrected  for  the  aberration  time, 
because  the  ephemeris  is  calculated  from  the  h  lio- 
centric  place  at  the  time  7'l(.  while  the  coordinates  of 
the  Sun  are  for  the  time  7',.  Consequently  a  value 
of  A  has  been  assumed  sufficiently  exact  not  to  require 
revision  in  tie  first  approximations  of  the  orbit,  but 
may  require  revision  in  the  calculation  of  a  definitive 
orbit. 
Royal  Observatory,  Rome,  May  1<>,  nun. 


94 


THE     ASTRONOMICAL     JOURNAL 


N°-  756 


OCCULTATIONS   BY   THE   MOON, 

.  ED    WITH     III!:    26-INCH  «AND    12-INCH    EQUATORIALS    OF   THE    U.S.    NAVAL    OBSERVATORY. 

[Communicated  by  Rear  Admiral  J.  A.  Hoogbwerff,  U.  S.  N.,  Superintendenl 


Dati 


Object 


26-Inch 


W.  M.  T.       See'g  Rem  Pov 


12-Inch 


W.  M    T.       See'g  R  m  P.  s 


,llll\ 


Sept. 


Nov 


Dec. 


Jan. 


Feb.     8 


Mar, 


\|H 


51  o  ph  i  nek  i 

51  Ophiuchi 

.1  Tauri 

" 

9  Piscium 



ii7  Tauri   

i  Sagittarii 

;-  Sagittarii 

in  ni 

2  17  B.  Tauri 

247  B.  Ta„r, 

55  Leon  is 

27  G.  <  apricorni .  .  . 

5  Cancri 

L9  Piscium 

19  Piscium    

27  Arietis 

'_»?  Arietis 

14  //.'  Tauri 

14  II :  Tauri 

22  //.'  Tauri 

22  //.'  Tauri 

f  Geminorum 

/'  Geminorum 

/) :  Leonis 

p3   I. roil  is 

51  Tauri   

56  Tauri 

15  Geminorum,  comp. 
15  Geminorum 

15  Gt  in  I  it  nr  a  in 

16  Geminorum 

16  Gt  mi ittiruin 

2  /»'.  ( 'ancri 

2  /;.  (  'iincri 

a  < 'ancri 

o  ( 'ancri 

1 28  />'.  Sagittarii .    . 

A1  I  'ancri 

tii  l.t  mi  is 

226  B.  Sagittarit 


15  20 

16  37 
23  53 

0  (3 
0  21 


45.9 
2.3 
12.3 
19.3 
52.8 


1  4 

20  52 

21  37 
21  14 

1  11 
1  4!) 
5  .").") 
7  0 


14.1 
51.0 
51.9 

0.3 
46.8 
13.7 

2.0 
32.2 


2  35 
::  37 

1  37 

2  13 

1  53 

2  14 
(i  21 


3(1.2 
26.0 
Ki.l 
12.1 
29.3 
8.5 
3.  I 


8  50  19.0 


.-)  25 
c,  35 

7  0 

8  I 


33.9 

11.4 
IS. 2 
29.5 


li)  5 
10  ii 


27.2 
14.2 


Hi  10  L9.1 


7  1(1 

8  53 
13  14 
13  57 
15  11 
13  18 


2(1.1 
20.0 

35.(1 

14.4 

5.0 

37.1 


1(1  7  4.7 


7  2s  52.(1 

8  44  553) 
15  Id  39.4 
12  13  8.9 
12  28  39.8 


12  51  14.7 

5  43  37.0 
(1  2S  30.5 

6  4  42. S 
9  22  31.2 
9  59  52.0 

13  37  28.6 
i  I  12  is. I 


8  11  L3.6 

9  15  r,:;.:\ 
(1  31  21.1 
7  37  35.0 
(1  35  13.6 
6  56  10.4 

10  58  37.0 


13 


50.0 


9  47  33.0 
Id  56  50.0 

11  6  19.0 

12  10  19.8 


12  44  27.6 
12  45  14.5 


I  I 


12  5S  17.3 


8  31  48.0 

9  38  31.0 

13  :>:>    7.s 

11  37  30.(1 
15  4  7.3 

12  12  50.2 


23 


7s 


23  53  11.1 
0  6  19.3 
0  21  53.0 
0  15  17.5 


15  16  38.5 
12  13  8.9 
12  28  40.1 
12  2  26.1 


20  52  51.2 


5  43  37.1 


21  11  0.5 


6  4  43.0 


:     0  32.5 

23  4  47.8 

2  35  37.3 

3  37  25.3 
1  37  16.6 


14  42  48.4 
6  1  10.6 

s  11  1  1.7 
0  15  52.i, 
6  31  21.3 


1  53  20,1 


(i  5:.  13.6 


78 


Hi 


0  21  :\.^ 
7  4  7.2 
s  50  49.0 
0  34  15.2 

5  25  33.7 

6  35  10.7 


10  58  38.0 

11  11  34.(1 

13  27  50.!i 

14  11  1S.0 
0  17  33.(1 

10  56  59.2 


1  35  i.e. 

5  31  13,1 


7  22  48.0 

8  18  50.6 


S3 


Hl 


10  (1  14.3 

I  1  0  12.7 
10  10  10.1 

II  15  20.0 


12  45  14.6 

13  39  4.2 

12  58  17.2 

13  54  9.0 


14  9  52.4 


178 


Ih 


13  14  35 

13  57  s 

15  11  5.0 
13  IS  3,7.2 
10  31  5.1 

16  7  3.9 


13  55  7.!) 

14  37  34.0 

15  4  7.2 
12  12  59.3 

9  21  58.7 
14  9  51.6 


0 
10 


10 


22 
26 


115 

1  (10 
100 
1(10 

115 

115 


13 
5 

12 


10 
18 
10 
19 
20 
21 


9 
25 

0 
29 
20 


B 

Bn 
Bn 

15 


115 
115 
160 
160 
115 

160 

115 
115 
115 
115 
100 
160 


B 

Bn 

Bn 

Bn 

B 


115 
115 

115 

1(10 
115 
160 


115 
100 
L60 

115 
115 
160 


Bn 
Bn 

Bn 
Bn 
Bn 
Bn 


B 

Bn 

B 

B 

B 
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Date 

( Ibjecl 

26-Inch 

L  2-Inch 

W.  Sid    T. 

W.  M.  T. 

Si  e'g 

Rem  l  '<  w  i 

Obs 

\\    Sid     1 

w    M    T       See'g  Rem  Po«  - 

1919 

Apr.    21 
May    17 
June     2 

it; 

16 
23 
23 

226  B.  Sagittarii 

14  Saqittarii 

Uli 

no 

DD 
DB 
RD 
DB 
RD 

ll         in       s 

17  29  L9.5 

IS  40    3.1 
L3  36  50  6 
15  53  53.8 

17      1    IS.  1 

21  11  55.1 

22  7    0.1 

h      ni 

15  31  53.7 
L5    0  L2.4 
8  54  54.7 
Id  If,  32.7 
11  26  15.8 

15  ti  in.:, 

16  1    6.5 

f 

P 

f 

P 
P 
P 

1' 

28 

30 

32 
12 

:;i 

is;  i 
183 
is:; 
17S 
183 
ITS 
183 

III. 

Hl 
Bn 
Bn 
Bn 

I'.x 
li\ 

ll          III         s 

17  29  19.5 
is  to    3.2 
L3  36  50.8 
L5  53  53.6 

h       in      s 

15  :il  53.7 
15     0  12.2 
8  5  1  54.9 
10  Hi  32.5 

f 

P 

f 

P 

35 

10 
31 

115 
115 
115 
115 

B 
Bn 
B 
B 

60  Cancri 

27  G.  '  'apricorni 

27  G.  ( 'apricorni 

~    1  rnlis,  brighter  comp. 
i"  Arietis,  brighter  comp. 

21  11  51.2 

22  7    0.3 

15  6    6.6 

16  1    6.7 

f 

f 

33 

10 

115 
115 

B 
B 

Phenomena:    IM>  =  disappearance  ai  dark  limb;    DB  =  disappes 
reappearance  al  bright  limb. 

Seeing:    g    -  g I;   f  =  fair;    p  =  poor:   vp  =  very  poor. 

Observers:   Hi.  =  A.  Hail;   Bn  =  11.  E.  Burton;    B  =  Ehneso  Clare  Bower 


al  bright   limb;    RD       n  appearance  al  -lurk  limb;    RB 


Remarks 


(l)Twilight.  (2)Late2s.  (3)  Late  ?  =*=3S.  Clouds. 
(I)  Moon  nearly  full.  (5)  Thin  clouds.  (6)  Haze. 
(7)  Lair  L  ±2'.  (8)  Dark  limb  visible.  Haze.  (9 
Late  o.l.  (10)  Late  o  .1.5.  (ID  Gradual.  Haze. 
(12)  Gradual.  (13)  Late  0.1.  Gradual.  (14)  Lair 
i)\::.  (15)  Dark  limb  visible.  (16)  Late  03.5.  (17) 
Lair  3s.  (18)  Late  4~±.  Clouds.  (19)  Lair  3S±. 
(20)  ±3S.  (21)  Late  2S±.  (22)  Gradual.  Thin 
clouds.     (23)   A  little  haze.     (24)   Througli  haze  and 


clouds.  Late  several  seconds.  (25)  Lair  :!  ±L. 
Cloudy.  (26)  Through  thin  cloud.  (27)  Dark  limb 
visible,  a  trifle  late.  (28)  Late  0.2.  (29)  Star  nearlj 
disappeared  about  36  before  disappearance,  then 
brightened  to  normal.  Late  0.15.  Clouds.  (30) 
Gradual.  Uncertain.  (31)  ±4\  (32)  Thin  clouds. 
Perhaps  late.  (33)  Early  L  ±  2.  (34)  Dark  limb 
visible.  Dawn.  (35)  Late  0.15.  Sheet  marked  2"1 
earlier. 


Note.     All  observations  were  recorded  mi  chronograph.     Occulting  bars  were  attached  i"  eyepieces  of  powers  17s  and  160. 
Washington,  I).  ('.,  1919  Jum    : 


A    FAINT   DISTANT   COMPANION   TO   B.  D.    +7°2690, 

By  ROBERT  TRUMPLER. 


In  the  course  nf  a  determination  of  the  parallax  of 
ilr  sixth  magnitude  star  />'./>.  4-7°  2690  from  plates 
i  with  i  In  Thaw  Photographic  Refractor  of  the 
Ulegheny  Observatory,  it  was  found  that  the  proper- 
motion  in  right  ascension  of  this  star  relative  to  lour 
faint  comparison  stars,  came  out  considerably  smaller 
the  proper-motion  given  in  Boss'  Preliminary 
ral  Catalogue.  It  was  immediately  suspected  that 
our  of  the  comparison  -tars  mighl  share  the  large 
proper-motion  of  the  parallax  star.  A  special  examina- 
tion of  the  plates  proved  that  this  is  the  case  ami  1  "I 
in  the  discovsry  that  the  star  B.  D.  +7C  2692  is  a 
faint  and  distant  companion  to  the  star  B.  D.  +7°  2690. 

The  parallax  plan  -  were  then  remeasured  with  other 
comparison  stars  so  selected  a-  to  allow  a  determina- 
tion of  the  parallaxes  of  Loth  components.     The  tart 


that  the  resulting  parallaxes,  given  in  I  he  table  below, 
are  nearly  equal,  furnishes  another  proof  of  the  physical 
connection  between  the  two  slars. 

In  order  to  obtain  an  accurate  value  of  the  relative 
position  and  proper-motion  of  the  two  components, 
two  of  our  parallax  plate-  were  measured  in  both 
coordinates.  Lor  the  determination  of  the  plate  eon- 
slants,  right  reference  stars  were  used,  the  positions  of 
which  were  taken  from  a  reduction  of  the  plate  L03  of 
the  AstrograpMc  Catalogue  Toulouse,  Zone  +6° - 
+  S",  Vol.  IV.  page  A  115.  This  plate  of  I  he  Astro- 
graphic  Catalogut  contains  both  components  of  our 
system  and  furnishes  therefore  another  determination 
of  their  relative  position. 

The  results  for  (he  position  of  the  fainter  star  rela- 
tively to  the  brighter  for  equinox  and  equator  1900.0  are: 
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Astr.  Cat.  Toulouse,  plate  103 

An   = 

=  +3P.668, 

Ao  = 

-2'6".97 

Allegheny  plate     1328 

.658 

7   .04 

11830 

.666 

6   .94 

Epoch 


1909.38 
1915.16 
1918.04 


Giving  the  last  two  plates  twice  the  weight  of  the  first, 
we  obtain  by  leasl  squares  solutions: 

\a  =  +31s.663,  ±b  =  —2'  6". 99  for  the  mean  epoch 
1915.2.  or  distance  488".37  in  position  angle  105°  4'. 3, 
and  the  relative  annual  proper-motion 


.0003 


=  +".003 


From  our  parallax  plates  the  photographic  magni- 
tude of  the  companion  was  derived  by  comparing  it 
with  the  principal  star,  taking  account  of  the  opening 
of  the  rotating  sector,  and  using  for  the  photographic 


magnitude  of  the  bright  star  the  visual  magnitude 
increased  by  the  mean  color  index  corresponding  to 
its  spectra]  type.  A  similar  plate  taken  with  a  yellow 
color  filter  on  an  orthochromatic  plate  though  very 
weak,  allowed  an  estimate  of  the  visual  magnitude  and 
of  the  color  index  of  the  companion.  The  latter  is 
about  0.5  magnitudes  larger  than  for  the  bright  star 
and  indicates  a  spectral  type  between  G5  and  A'O  for 
the  companion. 

Using  for  the  principal  star  the  position  and  proper- 
motion  of  Boss'  Preliminary  General  Catalogue  and  the 
visual  magnitude  and  spectral  type  of  the  Harvard 
Revised  Photometry,  we  have  the  following  data  for 
the  two  components  of  our  system: 


Right  ascension  (Epoch  and  Equinox  1900) 
Declination  (Epoch  and  Equinox  1900) 

Annual  proper-motion  in  R.  A 

Annual  proper-motion  in  Declination 

Total  proper-motion 

Relat  ive  parallax 

Spectral  Type 

Visual  magnitude 

Photographic  magnh  ude      

Absolute  magnitude  (visual) 

Project  inn  of  linear  distance  between  components 

(1)  The  B.  1).  magnitude  of  this  star  is  9.:-!.  which 
corresponds  to  LO.O  on  the  Harvard  scale  (reduction 
from  //.  .1.,  Vol.   LXXII,  page  215). 

(2)  The  Aslrographic  Catalogue  gives  7.8  and   12.0 

for  the  photographic  magnitudes  of  the  two  stars. 
which  evidently  have  to  be  corrected  by  —  1.0  magnit  ude 
in  order  to  agree  with  the  Harvard  system. 

Adams  and  Joi  (Contr.  from  the  Mount  Wil- 
son Solar  Observatory,  No.  142)  give  F9  for  the  spec- 
t  ral  i  \  pe,  (-  4.7  for  the  absolute  magnitude  and  +".048 
for  the  parallax  of  the  brighter  star,  as  determined  by 
the  spectroscopic  method. 

Taking  the  mean  of  the  relative  parallaxes  of  both 


Brighter  compi  >n  int 
IT'  42'"  O-.Olo 
+  6°  51'  11".87 
-.0326 
-".115 
".499 
+  ".023  ±".006 
F5   (3) 
6.32 
6.7     (2) 
+  4.2     (3) 
13200  astr.  unit 


Fainter  component 
13h42m318.711 

+  6°  49'  4".93 
-'.0329 
-".112 
".503 
(3)         +".026  ±".008 
(75  —  A'O 
10.1      (1) 
11.0     (2) 
+  8.0 
or  0.064  parsecs. 


components  (".024)  and  increasing  it  by  the  average 
parallax  of  the  comparison  stars  (".003)  we  obtain 
".027  as  result  of  the  trigonometric  method.  Adopting 
the  mean  of  the  results  of  the  trigonometric  and  the 
spectroscopic  method  (+".037)  as  the  most  probable 
value  of  the  parallax,  we  compute  the  absolute  magni- 
tudes in  the  table  and  the  projection  of  the  linear  dis- 
tance between  the  components. 

The  large  distance  between  the  components  is 
remarkable  and  is  similar  to  that  of  Innes'  companion 
to  a  Centauri. 

Allegheny  Observatory  of  lh   University  of  Pittsburgh, 
June  .'1.  1919. 
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Name 

Mag. 

Date,  L918 

G.  M.  T. 

\-t  rogri 

phic  1918.0 

a 

5 

886    l(.»17   W  15 

342  Endymion 

342  Endymion 

'  12.0 
12.1 
12.1 
10.6 
12.5 
13.1 
10.2 
12.5 
13.1 
11.5 
L2.1 
11.5 
11.2 
L2.1 

9.4 
11.2 

9.9 

9.5 
10.9 
L0.9 
10.1 
12.1 
10.7 
10.9 
10.1 
12.1 
10.7 

9.6 
11.8 
11.8 
11.5 
1  L.5 
11.8 

Jan.       9 

10 

15 

19 

Feb.    11 

11 

11 

12 

12 

Mar.     2 

2 

5 

5 

5 

11 

11 

11 

11 

11 

15 

15 

15 

15 

17 

17 

17 

17 

Sept.    9 

Nov.     5 

6 

25 

26 

27 

ll            Ml 

12  37.1 
14   26.7 
11   01.6 
14  51.1 
16   19.4 
16   19.4 
16   19.4 
16  20.6 
16  20.6 

14  41.8 

15  50.3 
11  25.8 

16  16.3 
15   19.8 
15   10.1 
15   16.1 
15  5S.6 
15  58.6 
15  58.6 
15  51.9 
15  51.9 
15  51.9 

15  51.9 

16  44.2 
16  44.2 
16    11.2 
16  44.2 

15  47.1 

16  15.7 
16  28.2 
16  01.5 
15  24.5 
14  19.8 

h      m 

2  31   31.98 
5  0  1   34.74 

5  02  31.27 

6  06   1  1.83 
9  49  30.56 
9  52  34.46 
9  53  31.43 
9    is  26.04 
9  51  43.42 
9  52  36.20 

10  11   53.(1(1 
'.)  50   10.32 
10  03  49.56 
L0  08  56.76 
9  58  15.55 
9  59  30.80 

10  56  17.33 

11  02  34.11 
11    12  53.03 
11   09  53.11 
11   17  13.70 
1 1   20  08.37 
11   21    04.60 
11  08  22.92 
11   15  50.72 
11    IS  19.26 
11    111   16.33 
22  09  13.06 

2  02  09.80 

2  01  2s. 23 

3  L3  30.30 
3   12  42.09 
2  36   11.28 

+  14  56    1  1.8 
+  15  21   26.2 
+  15   11  46.6 
+  15  51)  59.9 
+  14   01    10. S 
+  14  22  01.2 
+  11   43  29.4 
+  14  07  34.2 
+  14   30  25.0 
+  16  03    1!).'-' 
+  14  21  54.8 
+  16  04  29.4 
+   8  41    10.8 
+  14  34   21.9 
+  11   04  44.8 
+   9    15  06.7 
+   5  22    10.S 
+   5  30    17.5 
+   4  31   28.3 
+   4  52  00.4 
+   5  39  24.6 
+   3  20  07.0 
+   5  28  50.0 
+   5  00  44.9 
+   5  49  52.2 
+   3  28.41.0 
+   5  38  20.2 
+   8  25    1  1.6 
+  10  04  07.2 
+   9  54    1  1.0 
+  11   28  00.(1 
+  11   24  53.5 
+  12  12  25.3 

S4  Klio 

600  Musa 

s  |   Klio 

600  Musa 

169  Zelia 

308  Polyxo 

169  /-<  lia 

308  Polyxo 

64  Angelina 

385  Ilmatar 

17   Thetis 

91  Mgina 

65  Cybele 

17   Thetis 

198  Ampella 

276  Adelheid 

125  Liberatrix 

125  Liberatrix 

429  Lotis 

(97) 
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Name 

Mag. 

Date,  1918 

G.  M.  T. 

^strogii 

phic  1918  0 

a 

d 

540  Rosamunde 

MH)  Hekate 

429  Lotis    

12.4 

12.1 
11.8 
12.4 
12.1 

Nov.  27 
27 
29 
29 

Dec.     5 

h        in 

15  21.9 

16  21.4 

14  27.1 

15  22.7 
15  00.3 

h      in       s 

3  23  35.62 
3  41    14.36 

2  34  33.04 

3  20  39.12 
3  35  05.56 

+  12  49   10.9 
+  10  49  25.5 
+  11   51   49.4 
+  12  33  22.8 
+  10  39  50.1 

5  tO  Rosamunde 

100  Hekate 

<  > \\  i 1 1 ii  to  my  absence  from  Washington  during  con- 
siderable periods  in  L918,  the  above  list  of  asteroids 
is  not  very  extensive. 

Official  duties,  involving  travel,  in  connection  with 
war  preparation  by  the  Navy  occupied  much  of  the 
time. 

A   month    was   required   also,   as   a    member    of    the 


Naval  Observatory  eclipse  expedition,  to  observe  the 
total  solar  eclipse  of  June  8th,  at  Baker,  Oregon. 

Asteroid  1917  W15  has  been  recognized  as  new  in 
European  publications,  receiving  the  provisional  des- 
ignation (886)  [1917  b). 

The  name  Washingtonia  was  also  adopted.  The 
magnitude  given  for  this  asteroid  is  the  estimated 
brightness  for  time  of  discovery,  near  opposition. 


OBSERVATIONS   OF   MINOR   PLANETS. 

MADE    WITH    THE    12-INCH    EQUATORIAL    OF    Till:    U.  s.    NAVAL    OBSERVATORY. 

[Communicated  l>y  Rear  Admiral  .T.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent. 


Date        Wash.  M.T. 


*     Comp. 


App.  a 


App.  o 


Log  p  J 


Red.  to  App.  PL 
a  8 


(1)   Ceres 

I'M',  h       m      s  in       s  '        "  li       in       s  o        i        ii  s  a 

Oct.    28  1231     1|    1 1  25,    5J  +  2    1.23J  +  9  H.8 1    3  44  15.17  +H    4  54.8 1  8.980n  0.613  | +4.63  +22.6|g 


Jun.    30  11  51  51     2   25, 


(2)   Pallas 
5 1  — 2  30.2l|  —   2    6.0 1 19  46  19.67 1+20  28  58.0 1 9.227n  0.462 1+2.91  -   2.8J  g     |B 


(3)  Juno 

1015  v    ' 

Mar    L0  12  43  30 1    3  |45,  151+0  46.90|-   7  53.0  1 11    5  15.64 1+  4  30  39.5 1  8.992    0.695  1  +  2.53 
17  10  38  28  |    4  I  30,    6  |+2  32.511+  3  53.2 1 10  59  53.32 1+  5  37  12.5  ,  8.932k  0.682  1  +  2.54 


Mar.   10 
Apr. 


3 
6 

8 
10 

27 
15 
_",i 
Maj    31 


nil.'. 
Feb 


Apr. 


11  54 
'.i  5 
9  57 

10  54 
9  Hi 
9'  39 

12  37 

13  3 
9  26 


2 

3 

25, 

5 

20 

6 

15, 

:» 

20 

6 

14, 

5 

3 

7 

30, 

0 

42 

s 

25, 

5 

25 

9 

30, 

6 

in 

10 

25, 

5 

12 

11 

25, 

5 

55 

12 

25, 

5 

-5  56 

-2  11 
-2  9. 
+  3  35 
+  2  43 
+  2  45 
:;  12 
+  6  8 
-1  39 


0  21.6 

1 

11.7 

5 

59.2 

0 

s.s 

1 

21.4 

3 

18.9 

8 

6.6 

li  53.8 

2 

9.8 

l>    Vesta 

9  47  39.97 

9  :^7  52.95 

9  37  54.09 

4  27  14.49 

I  28     2.92 

4  39    6.26 

13  35  10.71 

13  22  42.60 

l:;    9  39.51 


+  22 
+  23 
+  23 
+  19 
+  19 
+  20 
+  3 
+  4 
+  3 


43  37.1 

11  35.4 

6  48.0 

33  32.2 

40  54.7 

48  13.0 

49  19.3 

32  55.8 

17  13.2 

9.231 
8.529 
9.228 
9.598 
9.395 
9.585 
8.881 
9.397 
9.031 


0.412 
0.373 
0.402 
0.587 
0.504 
0.561 
0.702 
11.7111 
0.70S 


•  13.71  f-p  [Wb 
13.3|g      |  We 


Ws 

Ws 

Ws 

Wb 

Wh 

Wb 

B 

B 

B 


+  1.71  -    1.3 

f 

+  1.48  +    1.7 

P 

+  1.46  +    1.8 

P 

+  1.48  +  9.9 

f 

+  1.48  +   9.9 

g 

+  1.29  +   9.8 

p,u 

+  2.96  -19.6 

f 

+3.00  -18.4 

f 

+  2.91  -16.2 

f 

Seeing:    g  =  good,  f  =  fair,  p  =.poor,  u  =  unsteady. 

Observers:  Ws  =  C,  B.  Watts;    B  =  Ernest  Clark  B<bwek;    Wu  =  A.  G.  Webster,  Jr. 
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Mean  Places  of  Comparison  Stars  for  the  Beginning  of  tin    Year. 


* 

a 

8 

Authority 

* 

a                           8                                Authority 

1 

b     m         8 

3  42    9.31 

+  10  55  20.4 

.1  .G.   I.i  ipzig  I 

L094 

7 

h      in       s 

4  23  37.91 

+  19  33  13.5 

.1.'/.  Berlin  A 

1  is: 

2 

19  48  46.97 

+  20  31     6.8 

A.G.  Berlin   B 

7332 

8 

1  25  18.37 

+  19  3!)  23.4 

A.G.  B, 

11  (IS 

3 

11    4  26.21 

+  4  38  46.2 

A.G.  Albany 

1206 

9 

1  36  L9.09 

+  20  -11  44.3 

A.G.  Berlin  />' 

1  192 

4 

11)  57  18.27 

+  5  33  32.6 

A.G.  /.<  ipzig  II 

5662 

10 

13  38  50.31 

+   3  57  45.5 

.1 .'.'.  Alliini!/ 

17S1 

5 

9  53  35.21 

+  22  44    0.0 

A.G.  Berlin  B 

3889 

11 

13  16  31.28 

+  4  34     8.0 

.1  .(?.  Albany 

1699 

6 

9  40    2.48 

+  23  12  45.4 

A.G.  Berlin  B 

:;.s:;i 

12 

13  11  16.53 

+   3  29  39.2 

.1  .G.  Albany 

1672 

Notes.     All  observations  except  those  on  1915  Oct.  28,  1916  A  pi-.  15,  Apr.  29,  and  May  31  are  practice  observations. 

volunteer  observation.      1915  i'eb.  8,  haze.      1916  Apr.  1.",,  perhaps  the  sidereal  tin i'  observation  should  be  decreased  I  M 

poor  observation. 

II  a  hington,  1>.  C,  1919  Jum   W. 


I'll  I  .bin.    30, 

1916  Apr    29, 


THE   PROBABLE   ERRORS   OF   PROPER-MOTIONS   EXPRESSED    IX 
POLAR   COORDINATE. 


By  FRANK  SCHLESTNGER 


Having  derived  from  star  catalogs  the  proper- 
motions  ul'  a  star  in  righl   ascension  and  declination, 

together  wild  their  probable  errors,  the  c puter  often 

has  occasion  to  transform  these  into  polar  coordinates, 
position  angle  and  distance.  Our  problem  is  to 
devise  means  for  facilitating  the  computation  of  the 
probable  errors  of  the  polar  coordinates.  This  prob- 
lem was  suggested  by  the  late  Professor  Pickering 
in  connection  with  his  extensive  work  on  proper- 
motions  that  has  just  appeared  in  Volume  I. XXXI 
of  the  Harvard  An  mils. 

Let  m.  i  be  the  proper-motion  in  right  ascension. 
ixs  ,  the  proper-motion  in  declination. 
M  ,  the  proper-motion  in  aro  of  a  great  circle. 
n<f>,  the  proper-motion  in  position  angle. 
f.,   6,,   e,  «</>,  the  probable  errors  of  these  four  quan- 
tities, expressed  in  arcs  of  great  circles. 

We  then  have 

tan  4>  =  Ai„//xj 

ix  =  it,,  sec  4>  —  Mj  cosec  <j> 

r  =  e2„  sin2  </>  +  t2.  cos2  4> 

e'0  =  e2,  cos2  <P  -+■  t-s  sin2  i> 

If  we  have  a  large  number  of  these  probable  errors 
to  compute  we  might  construct  a  table  with  the  posi- 
tion angle  and  the  ratio  between  u.  and  ft,  as  the 
arguments.  This  table  would  give  factors  which 
when  multiplied  by  e„  (or  e,)  would  yield  e  and  e0. 
The  following  graphical  process,  however,  is  shorter 
and  is  sufficiently  accurate  in  all  cases. 


N 


/k 

A> 

On  ordinary  coordinate  paper  lay  off  NOA  equal 
to  4>\  then  lay  off  OA  equal  to  the  probable  error  in 
right  ascension,  and  OD  equal  to  the  probable  error 
in  declination.  Project  both  of  these  into  the  two 
axes  at  a,  b,  c  and  it.  The  probable  error  in  distance 
(e)  is  equal  to  ab,  while  the  probable  error  in  the 
position  angle  (e<£)  is  dc.  The  latter  is  expressed  in 
are  of  a  great  circle.  If  we  desire  to  have  i1  in  degrees, 
we  multiply  t<*>  by  57.3  fi. 

If  the  proper  motion  is  not  large  we  may  derive 
n  and  fi<j)  themselves  by  a  graphical  process.  In  this 
ease  the  additional  labor  in  applying  the  above 
graphical  method  to  the  derivation  of  e  and  f.<t>  is  very 
slight  indeed. 


Allegheny  Obsei  >atory,    Tht    I  niver&ity  of  Pittsburgh, 
Mnn  IS,   1919 
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PRELIMINARY   PARALLAX    AND   MAGNITUDES   OF  NOVA  AQl'IL.K  3, 

By   CHARLES    P.    OLIVIER. 


Nova  Aquila  3  was  independently  discovered  by  the 
writer  on  L918  .Tunc  8,  at  15h  20'"  G.  M.  T.  From  thai 
date  until  the  middle  of  July,  when  he  left  to  under- 
take work  for  the  War  Department  at  Aberdeen  Prov- 
ing Ground,  .Mil.,  observations  were  made  on  every 
possible  night  to  determine  its  magnitude.  Other 
observations,  included  in  this  paper,  were  also  made 
by  Dr.  H.  L.  Alden  and  Prof.  R.  C.  Lamb  of  our 
staff,  and  these  were  continued  by  Dr.  Alden  until 
lie  too  left  in  August  to  undertake  work  for  the  Navy 
Department.  The  writer  was  fortunate  in  getting 
observations  on  twenty-two  nights  up  to  and  including 
July  9,  during  which  interval  the  Nova  was  at  its 
brightest.  Also  when  observing  on  June  7,  about 
18''  G.  M.  T..  there  was  occasion  for  examining  the 
sky  tor  a  few  minutes  in  the  region  including  Aquila. 
Had  the  Nova  been  of  the  third  or  possibly  even  the 
fourth  magnitude  that  night,  it  could  scarcely  have 
escaped  recognition.  This  negative  observation  is 
added  to  give  additional  proof,  if  any  is  needed,  that 
the  persons  in  Europe  who  claimed  to  discover  the 
\  ova  "u  June  7  certainly  did  not  do  so. 

Being  on  June  8  a  mile  or  more  from  the  Observatory 
when  the  Nova  was  first  discovered,  and  there  being 
much  delay  in  getting  off  a  telegram  to  Harvard  Col- 
lege Observatory  to  announce  it,  word  could  not  be 
gotten  to  the  observer  at  the  26-inch  telescope  until 
about  17h  ( i.  M.  T.  However,  the  region  was  then  at 
once  examined  and  three  parallax  plates  taken,  the 
first  being  exposed  before  L811  <!.  M.  T.  This  gave  us 
the    earliest    possible    data    for    parallax.     Five    more 

-  were  taken  on  succeeding  nights,  making 
for  th<  (och.     Unfortunately,   however,  due  to 

the  date  of  discovery,  the  average  parallax  factor  for 
the  first  epoch  is  only  about  0.3.  Five  [dates  were 
taken  iii  the  second  epoch  with  average  parallax  fac- 
tor- of  0.0,  and  eight  plates  in  the  third  with  a,vi 
parallax  factors  of  0.8.  As  we  do  not  care  to  make  a 
final  least-square  solution  for  parallax  until  at  least 
two  more  epochs  have  been  added,  the  results  for  our 
plates  to  date  have  been  taken  and  an  approximate 
solution  worked  out.  This  gives  a  relative  parallax 
for  Nova  of  |-0".004,  or.  adding  as  usual  -f0".005,  the 
assumed  average  parallax  for  comparison  stai 
0  magnitude,  to  turn  this  into  absolute  parallax,  we 
eet  for  the  latter  t  0".009,  corresponding  to  a  distance 
of  aboul  360  light  years. 

It  is  emphasized  thai  this  value  is  purely  preliminary 
and  is  subjecl  to  change  when  plates  of  later  epochs 
aie   added.     This   remark   i>   particularly   true   in   the 


case  of  Nova  because  the  brightness  of  the  star  was  so 
ureal  at  first  that  we  were  unable  to  cut  down  our 
rotating  sector  enough  to  give  an  image  as  small  as 
we  desired.  Also  with  a  very  brilliant  star  guiding 
errors  are  more  harmful.  Possible  sources  of  error 
were  thus  introduced  in  our  first  epoch  which  later 
epochs  will  show  up.  should  they  exist  at  all.  We 
appear  to  get  a  slightly  larger  value  For  the  proper- 
motion  than  that  just  obtained  by  Trumpler  at 
Allegheny  Observatory  from  a  comparison  of  a  plate 
taken  last  summer  with  several  taken  in  former  years.* 
If  this  difference  is  real,  it  could  be  explained  by  an 
actual  change  in  the  velocity  and  hence  the  proper- 
motion  of  Nova  after  the  outburst,  assuming  that  this 
was  actually  caused  by  collision.  Nova  has  been 
measured  here  with  regard  to  three  comparison  stars. 
B.  D.  +0°. MV2-2  of  9'". 3,  B.  D.  +0°.4023  of  8"\5,  ami 
B.  D.  +0°.4028  of  9"\0.  Definitive  values  of  the 
parallax  and  proper-motion  will  be  published  when 
two  or  more  additional  epochs  have  been  added. 

On  lOiO  April  21.  the  first  time  Nova  was  seen  by 
the  writer  since  July,  1918,  when  taking  plates  for  our 
third  epoch,  the  seeing  was  exceptionally  good  and  it 
was  at  once  noted  that  Nova  showed  an  image  quite 
different  from  thai  of  similar  surrounding  stars,  as 
seen  in  the  26-inch.  It  was  of  a  brilliant  sea-green 
color  and  certainly  presented  a  disc-like  appearance. 
This  disc  was  estimated  at  about  1"  in  diameter. 
.Vera  was  then  about  7  magnitude.  It  was  examined 
on  several  other  dates  in  April  and  May  and  on  each 
on  showed  a  disc,  though  meantime  its  brightness 
had  decreased.  Since  making  these  observations  an 
article  by  Prof.  E.  E.  Barnard  has  appeared  in 
which  he  gives  a  series  of  actual  measurements  of  the 
disc,  which  lie  noted  as  early  as  last  fall. 

The  observations  for  magnitude  made  by  I!.  < '. 
Lamb  and  the  writer  were  all  reduced  using  the  values 
for  the  comparison  stars  given  in  Annals  11.  CO., 
Vol.  I..  Those  made  by  H.  L.  Alden  were  reduced 
using  the  same  values  when  possible,  but  in  the  latter 
pari  of  hi--  list  he  frequently  put  down  only  the  result- 
ing magnitude,  which  was  gotten  directly  from  the 
small  map.  issued  last  summer  from  Harvard  College 
Observatory,  and  which  covered  the  region  around 
Nova.  The  observations  by  the  writer  contain  notes 
on  the  condition  of  the  sky  near  \'<>ni.  which  permitted 
weights  to  be  assigned  to  the  observations.  Similar 
notes  were  added  by  him  for  the  other  observers  when 
sufficient  data  were  found  in  their  records.     All  observa- 

*See  .1 .  ./.   No.  7.VJ. 
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tions  here  published  were  made  with  the  naked  eye. 
On  1918  June  8,  as  seen  in  the  26-inch,  the  color  of 
Nova  was  a  brilliant  blue-white,  on  June  9  intensely 


white  with  a  trace  of  blue.     As  stated  above,  during 
April  and  May  of  this  year,  it  was  a  brilliant  sea-green. 


Date 

G.M.T. 

<  (bservations   by   < !.  1'-  <  > 

Sky 

\\i 

\!  ,-[, 

1918 

June     7 

ii      in 
is 

Certainly  nol  brighl  enough  to  notice 

1     1 1  : 1  1 

0 

<4.0 

8 

15  20 

\    ii".  l  >    a  Aquila 

(  'l.:i  I' 

3 

0.49 

17   10 

X  i)'".\  >    a  Aquilce 

Clear 

3 

0.49 

18  30 

a  Lyrce  —  5  -  N  —  4  —  a  Aquilce     5     a.  Cygni 

<  Hear 

3 

0.56 

20  40 

a  Lyrw  -  3  -  N  -  4  a  Aquilce 

Clear 

3 

0.56 

20  40 

a  Lyrce  -  3  -  iV  -  5  a  Aquilce 

( !lear 

3 

0.11 

9 

14  00 

N  0"'.4  >  a  Lyrce 

In  haze 

1 

0.26 

16  00 

Ar  -  12  -  a  Lyrce  -  9  -  a  Aquila 

Clear 

3 

0.86 

10 

14    10 

a  Lyra  0.3        \ 

In  haze 

1 

0.4  1 

15   10 

(i  Lyrce  =  A' 

Clear 

3 

(i.l  l 

11 

Hi   20 

a  Lyra      2      V     8—  a  Aquilce 

(  Hear 

3 

0.29 

IS   21) 

a  Lyra       1      N   -  6  -  a  Aquila 

( Hear 

3 

0.11 

19   25 

a  Lyra'  -  4  -  Ar  -  7  -  a  Aquila 

Clear 

3 

0.41 

12 

15 

A  ()'".l  >  a  Aquilce 

Clear 

3 

0.49 

13 

15   5  1 

a  A  quila     2     N     2     a  ( 'ygni 

Clear 

3 

1.11 

14 

19 

a  Aquila  0.6  >  N 

In  haze 

1 

1.49 

15 

1  1    20 

a  Cygni  -  0  -  N  -  4  -y  Cygni 

In  haze 

1 

1.92 

14    50 

a  ( 'ygni  -  5  -  N  -  5  -  y  Cygni 

(  Hear 

3 

1 .82 

16 

16 

a  Ophiuchi    -    \ 

In  haze 

1 

2.1  1 

19 

14   Oli 

a  Oph.  -5-iV-3-/3  Oph. 

( Hear 

3 

2.64 

20     0 

a  Oph.  -5-N-Z-&  Oph. 

Clear 

3 

2.64 

22 

20 

a  Oph.  -6-JV-2-/5  Oph. 

Cleai 

3 

2.71 

23 

14 

ii  ()ph.  =  N 

<  Hear 

3 

2.94 

18 

0  Oph.   =  X 

(  Hear 

3 

2.94 

21 

$  Oph.  =  N 

(  Hear 

:; 

2.94 

27 

14   42 

■ii  St  rpentis  -  4  -  X  -  2  -  0  Serp. 

(  Hear 

3 

1.00 

28 

14     0 

?)  Serp.  -4    ■  X  -  3  -  0  Serp. 

Clear 

3 

3.85 

15   30 

■q  S,  rp.  -  4  -  A"  -  3  -  6  St  rp. 

( Hear 

3 

3.85 

30 

15      0 

-i]  Serp.  «=  X 

S.   haze 

2 

3.42 

.Inly       1 

19     0 

i)  Serp.   =   X 

(  Hear 

:: 

3.42 

2 

17     0 

0  Oph.  -  3-  N     1-Tj  Serp. 

Clear 

:; 

3.30 

3 

18     0 

13  Oph. -1  -N-Z-i)  Serp. 

Clear 

3 

3.06 

4 

15 

X  ()'".  1   >  7/  Si  rp. 

S.  haze 

2 

3.32 

6 

L6    I:' 

>]  Serp.  =  .V 

Clear 

3 

3.42 

8 

15  06 

>>  Serp.  0m.2  >  A7 

Haze'.' 

2 

3.62 

9 

16  30 

>;  Serp.   -3   -  N  —  1     6  St  rp. 

Clear 

3 

3.78 

Date 

G.M.T. 

'  observations   by    Et.  < '.  L. 

Sky 

Wl. 

Magn. 

1918 

June     s 

b        m 

IS     .Ml 

a  Z/J/rCE  -  5  -  X  -  2  -  a  Aquila 

<  Hear 

3 

0.68 

.'ii  30 

a  Lyra       3      A"       1       a  Aipiiln 

( Hear 

3 

0.46 

21    15 

a  A//W  -  3  -  A"  -  4  -  a  Aquila 

Clear 

3 

0.46 

June     9 

17     0 

X  -  6  -  a  Zy/ym'  -  8  -  a  .1  gm7ce 

Clear 

3 

-0.42 

13 

15  54 

a  Aquilce  0'".2  >  A7 

Clear 

3 

1.09 

14 

16 

a  Aquilii  0'".4  >  A" 

In  haze 

1 

1.29 

15 

14  50 

a  Cygni  -  4  -  A'  -  6  -  7  Cygni 

In  haze 

1 

1.73 
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VARIABLE   STARS   IN   THE   CLUSTER   .1/  11    (N.  G.  C.  6705), 

By  E.  E.   BARNARD. 


Date 

G.M.T. 

Observations   by    H.  L   A. 

Sky 

Wt. 

Maun. 

1918     June 

8 

b        m 

17     0 

a  Lyra  -  4  -  A'  -  4  -  a  Aquila 

Clear 

0.52 

L9     0 

a  Lyra  -3  —  N  —  5—  a  Aquila 

Clear 

0.42 

9 

18     0 

A"  -  10  -  a  Lyrce  -  8  -  a  Aquila 

Clear 

-0.80 

21     0 

X  -  13  -  a  Lyra  -  S  -  a  Aquila' 

(  Hear 

-1.08 

L5 

18     0 

a  Lyra  -  S  -  a  Aquila  -  8-  N  —  3-a  Corona'  -  1  -  a  Oph. 
A"  0m.3  >    a  Ursa  Minoris 

1.84 

19 

IS     0 

-,  Cygni-  1  -  X  -  1  -  e  Cj^ra 
«  Opfe.  0m.2  >  N 

Clear 

3 

2.41 
2.34 

22 

IS      II 

a  Oph.- 6- N- 2-0  Oph. 

Clear 

3 

2.74 

23 

15     0 

(3  Opfc.  >  A 

2.94 

27 

17  25 

A  0.3  >  S  Serp.                             \ 
X  Aquila  -  3  -  N  -  3  -  12  Aquila) 
b  Aquila  0.2  >  A' 
p'  Aquila'  =  X                                    \ 
?/  S<  rpentis  5  >  A'                           ' 

Clear 

3 

3.S 

July 

1 

14  30 

7  Aquila  -  3  -  A"  -  1  -  7)  Serp.  -  1  -  X  Aquila 

Clear 

3 

3.3 

2 

15  30 

7  Aquila  -4- N -  1- n  Serp.  -  1  -  X  Aquila 

3.3 

3 

~)  Aquila  -  3  -  X  -  3  -  i)  Serp. 
/3  OpA.  -  2-  A-  2-  >?  Serp. 

3.1 
3.2 

s 

15     (i 

i)  Serp.  -2-N-Z-P  Aquila-  -2-8  Serp. 

Clouds 

? 

3.6 

13 

16     0 

3.8 

Clear 

3 

3.8 

14 

16     0 

(i  Aipula    =  X 

3.0 

27 

L6     (» 

3.9 

3.0 

28 

Hi     (1 

4.(1 

4.0 

Aug. 

2 

in    (i 

4.3 

4.3 

3 

16     0 

4.3 

4.3 

5 

16     0 

4-3              ^ 

4.3 

(i 

15     (l 

»;  >'"/'•  =  [ 36 J  -2-5  .lv'//7ir  -  3  -  A"  -  2  -  6  S,  rp. 

3.0 

11 

is     0 

i;  Si  rp.    =   X 

3.4 

13 

17     0 

6  Serp.  -  4  -  AT  -  5  -  4  Aquila 

4.5 

I  have  found  one  variable  star,  and  probably  another, 

in  the  cluster  .1/  11.     They  arc  in  the  northern  part  (if 
the  cluster,  in  the  positions 


1      1000.0 


a   IS1'  l.V"  17  .58 
IS    4o    38 .27 


-i;    L5'22".2 

-li    10   47    .7 


X".  1  is  shown  as  a  14th  magnitude  star  on  two  plat  is 
of  mine  with  the  40-inch  telescope,  apparently  at  or 
near  maximum.  It  is  absent  on  a  number  of  other 
plates. 

No.  2  is  only  shown  on  one  plate,  hut  I  feel  sure  the 


image  is  that  of  a  real  star.  It  is  about  13*2  mag- 
nitude. 

Professor  Bailey  verifies  No.  1  on  the  H.  C.  O. 
photographs,  but  does  not  find  No.  2  on  any  of  the 
five  plates  available  for  comparison. 

Ai  the  present  time  No.  1,  which  is  visible  in  the 
10-inch  telescope,  is  brightening.  They  are  both 
perhaps  of  long  period  and  wide  range  of  magnitude. 

)"( ;-/,( .s'  i  )hs,  rvatory, 
Williams  Bay,  Wisconsin. 

August  II.  1919. 
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OBSERVATIONS   OF   THE   SATELLITE   OF  NEPTl 

By  E.  E.  BARNARD. 
These  observations  are  a  continuation  of  those 
printed  in  Astronomical  Journal  No.  720  (XXX,  214, 
1917)  and  previous  numbers.  The  observations  are 
in  Central  Standard  Time,  6h  0m  slow  of  Greenwich 
Mean  Time. 


Neptune  \ni>  its  Satellite 


Date 
1917  Nov.  10 


Dec. 


15 


25 


1918  Jan.      8 


L9 


29 


31 


Feb.     16 


23 


2  s 


Mar.     2 


1,6  33  17 

l(i  40  24 


15  27  54 
15  35  52 


13  37  39 

13  47  12 


15    4  40 
15  11  51 


14  50     3 

15  3  57 


10  31  20 
10  37  46 


11  48  12 
11  55  10 


11  37  18 
11  46    4 


11    13  52 
1 1  20  26 


13  34  10 
13  40  31 


0  50  47 

o  .v.  i  26 


10  24    5 

10  30  29 


13    8  45 
13  14    3 


11  33  16 
11  38    8 


p.  \ 
20.52 

302.30 


200.19 


100.2!) 


61.44 


154.02 


20.  IS 


ss.58 


16.7.17 


65.97 


153.52 


L03.75 


L34.17 


17.71 


10.11 


16.54 


12.42 


10.7.-, 


11.22 


1 3.6 1 


10.66 


13.84 


12.20 


11.80 


14.86 


15.48 


10.4; 


10.43 


<  !ps. 


12 


10 


10 


6 
11 


6 
10 


6 
10 


8 
10 


10 


6 
10 


I'M, 

L918  Mar. 


16 


10 


23 


20 


30 


Apr.      4 


L3 


2:; 


Nov.  26 


30 


Dec. 


1919  Jan.     IS 


21 


<'   S.  T. 


13   II    15 
13   10  20 


lii  39  55 

10   II  20 


1 1  20  28 
11  32  38 


9  IS  50 
9  24     1 


9  11     1 

0  17     0 


10  20    0 

10  21  20 


I  1   2!)    15 

II  35  19 


0     2  19 

0     0  51 


s  25  28 
s  29  10 


13  50  43 
1  1     ii  13 


L3  is  20 
13  5:;  21 


13  40  33 
13  45  57 


1  3    s  35 
13  II  15 


0  57.  33 

10     2  20 


13   15  15 
13  23  28 


NE, 

o.  \. 
85.58 


258.20 


ro.72 


ioo.:;i 


310.22 


1  L3.70 


I  IS. 01 


:I25.27 


07.00 


107.30 


202.se, 


270.70 


L37.39 


los. 


137. si 


Dist.  Cp 

....  5 

13.86         10 

.... 
12.72  8 

7 
12. SO  8 

0 

12.22  8 

0 

12.  is  8 

0 
17.08  8 

5 
14.33  s 

•V 
14.44  0 

5 

11.72  8 

5 

15.  IS  8 

5 

10.01  8 

6 

11.20  8 

5 
15.01  8 

0 

16.19  8 

....  5 

10.20  7 


Satellite  12  !    magnil  ude 
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Date 

C.  S.  T. 

P. 

A. 

Dist. 

Cps. 

Date 

C.S.T. 

P.  A. 

Dist. 

Cps. 

1919  Jan. 

28 
30 

1 
4 

h      in      a 

13  56  43 

14  0  32 

13  30  22 

13  35  14 

8  36    3 

8  43    5 

9  41  42 
9  48  40 

189.93 

11.33 

13.80 
L5.99 
16.76 

5 

8 

5 

10 

51 
10 

5 

10 

1919  Mar. 

11 

18 
22 
27 

b     in      s 

10  20  39 
10  20    9 

9  35  33 

9  40  18 

8  34  40 
8  40  30 

10  43     0 
10  47  22 

145.02 
100.41 
201.16 
266.88 

15.49 
15.19 
10.23 
13.28 

5 
10 

91 

28 

5 

8 

Feb. 

318 

57 

5 
10 

132 

31 

5 

S 

11 

12  27  54 

12  34  14 

12    6  51 
12  14    6 

359 

70 

11.31 
12.74 

5 
10 

5 
10 

Apr. 

1 

12 

8  27  31 
8  31  54 

10  24  41 
10  29  24 

311.23 
342.20 

If,.  H 
12.91 

5 

8 

79.46 

6 

8 

15 

18 

25 

1 

8  53  10 

9  (I     1 

11  12  37 

11  IS    4 

10    2  44 
10    8    8 

10    3  19 

in    9  46 

175 

5  1 

11.70 

12.G5 
16.99 
11.12 

6 
10 

5 
10 

5 

8 

5 
8 

191b 

191'. 

22            7  56  23 

8     1   12 

Neptune  and  a  Star   X 

h      m       s 

.Mar.   16          10  50  44 
10  55  14 

Neptune  and  a  Stab 

ll       111        s 

Mar.  22            8  46  12 
8  50  52 

114.67           

16.13 

ORTH    (12J.2M    or    13 

31.66 

19.12 

North  Prec.   1  t0M  ) 

::_'7.07 
51.88 

5 

8 

345 

82 

u) 

296.98 

4 

8 

Mar 

57 

24 

4 

8 

6 
13  ma 

K)  26  41 
LO  32  10 

;nitude.     Well 

109 

.71 

16.26 

5 
10 

J , ,  k 
W 

.1  III': 

s  Obseruatory, 
lliams  Bay,   Wisi 

{Satellite 

seen. 

DISCOVERY   AND   ELEMENTS   OF   COMETS    1919  6   AND    1919  c   (Metcalf). 

\   cornel    was  discovered  by  the  Rev.  Joel  H.  Metcalf  on  Augusl  20,  ami  on  August  22  he  discovered  a 
second  comet.     Below  are  given  the  elements  of  the  two  comets  computed  by  Mr.  Jeffers  and  Miss  Heger. 

(T)  L919,  o.L  16.33  G.M.T.  (T)  1919,  Dec.  18.91  G.  M.  T. 

(«)     127°  51'  (co)     173°    7' 

311°  41'  (SI)     108°  55' 

(0      20°  l.V  (i)      47°  34' 

(q)        0.487  (q)        1.594 

Profesoh   A.  0.   Leuschner  states: — "According  to  elements  by  Jeffers  ami  Heger  first  Metcalf  comet 
identical  IS  17  V." 


CONTENTS. 

' ■•       01      \     I  !   !.■  lIDS      i:  i     I  .1  ORG1      I  I      1 

Observations  oi    Minor  Planets    by  C.  B.  Watts,  Ernest  Clare  Bower,  A.  G.  Webster,  Jr. 
lhe  Probable  Errors  of  Proper-Motions  Expressed  i\   I'm  vh  Coordinates,  by  Frank  Schlesinger. 

Preliminary  Parallax  and  Magnitudes  oi    \ Iquilce  3,  bi   Charles  P.  Olivier. 

\  uuable  Stars  in  the  Cluster  .1/  n     \  6.C.  6705),  by   E.  E.  Barnard. 

ii. ins  op  the  Satellite  of  Neptune,  by   E.  E.   Barnard 
Discovery  and  Ki.i.m  oi    I  omi  ra    1919  6    \\n   1919c  (Metcalf) 


,,,    ;  I. in  ami-    I...        in.-,,,      -    ,        \    ...  im,     Editors:    E    E.   Barnard.    Ernest  W.   Brown.   F.   R.  Moulton   and   R.   S.    Woodward. 

,""""'.''■'    "!»    i"i">'   Observatory.    Vlbany.    N.Y.,  U.S.A.,   ro  which  all  Communications  Should  Be  Addressed.     Price    S5.00  the  Volume. 

•      Closed,  Seplembei   11,   lviu. 


I  hos  if    \i.  ii. .1  s  &  Son  Co..  Li  I 


THE 


ASTRONOMICAL  JOURNAL  ^ 


FOUNDED     BY 

No. 

B.    A.     GOULD 

758 

„    oct  : 

XssJWYOFjO 

VOL.  XXXII 

ALBANY, 

N.Y.,    1919,     OCTOBER  24 

NO.  14 

OBSERVATIONS 

OF 

THE  SATELLITES 

OF   URANUS, 

B 

y  E.  E.  BARNARD. 

The   following 

observations   arc   a    continua 

ion    of 

Date 

C.S.T. 

P.  A. 

Dist. 

those  printed   in    Astronomical  Journal   No.   699  (30, 
20,    1916)    and    in    previous    numbers.     They    are    in 
Central  Standard  Time,  6h  0,u  slow  of  Greenwich  Mean 

1916   Aug. 

1!) 

ll           Ml         3 

10  17  23 
10  23  52 

338.62 

29.55 

5 

10 

Time. 

23 

Id  59  is 

1  10.75 

5 

Date 

C.  S.  T. 

1'  A. 

Dist. 

Cps. 

1 1    5  25 

26.52 

10 

1 'ran us  and   Ariel 

30 

10  42  28 

46.25 

(i 

1916  Aug.  19 

9  59  22 

351.93 

6 

10  51  20 

18.70 

10 

10    7  44 

10  56  43 

11  5  27 

352.70 

14.49 
13.68 

4 
5 
9 

Sept 

2 

10  41  29 
10  47  19 

17S.73 

31.38 

5* 
10 

Oct.    10 

8    0  35 
8    9  43 

188.12 

11.95 

5* 
12 

13 

11  19  39 
11  32  22 

298.92 

IS.  IS 

5 
3 

1916  Aug.   19 

I ' rn  n  us   AND 
11  14  43 

Umbriel 
334.50 

7 

18 

9  44  28 
9  49  32 

144.29 

24.69 

5 

8 

11  22  10 

16.21 

4 

22 

9    6  55 

309.10 

5 

Uranus  and 

Titania 

9  1 1  50 

20.32 

8 

1916  June  24 

14  35  58 

172.79 

5 

Oct. 

1 

8  12  17 

320.87 

6 

14  41  58 

31.30 

8 

8  20  19 

24.93 

2 

July      5 

14  25  36 

284.20 

5 

3 

8    6  10 

10.83 

5 

1  1  31     (t 

15.37 

8 

8  13  14 

28.32 

JO 

29 

13    3  59 

175,12 

5 

10 

8  17  59 

320.00 

5 

13  12  36 

8 

8  24    2 

25.07 

10 

Aug.     2 

1  1  55  is 

349.23 

5 

15 

7  1111 

104.61 

5 

12    0  49 

31. 72 

10 

7  10  23 

30.71 

10 

16 

1 1  57  29 

L89.56 

5 

21 

7  13  10 

28.32 

5 

12    3  42 

28.22 

9 

7  is  46 

22.03 

10 

1 ..■,, ;  =  njfh  ma 

*Oberon  8-10  or  1 

le  !  irighter  1 

nia. 
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Date 

C.S.T 

PA 

Dist. 

Cps. 

Date 

C.S.T. 

P.  A. 

Dist. 

Cps. 

1916   Oct. 

31 

h       m      s 

6  46  17 

111.95 

5 

1916  Oct. 

3 

h        in        s 

7  50  49 

126.46 

6 

6  54  24 

17.24 

11 

7  59    7 

22.26 

11 

1918  July 

18 

13  53    4 

7.90 

4 

10 

8  30  40 

328.19 

5 

13  57     1 

23.25 

8 

8  38  13 

34.02 

12 

Oct. 

12 

8  32  42 

346.90 

5 

15 

7  28    1 

84.00 

5 

8  37  40 

30.62 

8 

7  34  23 

21.36 

10 

Uranus  and  Oberon 

21 

7     0  48 

228.15 

5 

1916  Juno 

24 

14  24  35 

328.85 

5 

7    6  45 

23.19 

10 

14  29  38 

33.66 

8 

31 

6  32  56 

160.38 

5 

July 

5 

14  15  22 

225.77 

5 

6  38    6 

38.67 

10 

14  20  25 

22.53 

8 

1917  Aug. 

IS 

12    0  56 

2.32 

5 

8 

13  58  23 

337.72 

5* 

12    6  21 

39.09 

8 

22 

13  55    3 

345.07 

5 

1918  Aug. 

1 

12  54     1 

340.29 

5* 

14     1  32 

41.27 

10 

27 

11  16  14 

323.90 

5 

29 

13  22  24 

166.90 

5 

11  21  45 

28.14 

8 

13  29  38 

43.11 

4 

Nov. 

5 

7  14  25 

354.49 

5 

Aug. 

2 

12    6  23 

278.59 

5 

7  20  34 

38.81 

9 

12  11  15 

20.81 

9 

I  'ram 

s  and  a   12th  Mag. 

Star 

16 

12  10  21 

302.62 

5 

1916  Aug. 

2 

11  43  17 

6.93 

5 

12  21     6 

24.59 

13 
6 

1 1  48  23 

30.23 

8 

19 

10  31  29 

356.93 

Uranus  and  a   14th  Mag. 

Star 

10  38  27 

42.06 

10 

1916  Oct, 

10 

7  44  44 
7  52  10 

306.20 

6.38 

6 
10 

23 

11  11     2 

129.71 

4 

11  17    0 

26.95 

9 

Uranus  and   a 

&y2  Mag. 

Star 

1918  July 

25 

13  44     1 

L60.24 

5 

26 

10  51  44 

11  1    8 

180.21 

40.75 

5 

8 

i:;  ;,(]  39 

221.06 

8 

30 

10  22  34 
1(1  31  21 

315.92 

29.87 

6 
10 

1916  Sept 

2 

Titan ia   . 
1117     s 
1 1  23  42 

lnd  Ariel 
354.51 

17.70 

5 

10 

Sept 

2 

10  24   11 

1.61 

5 

10  31  21 

39.35 

10 

T ita ilia   and  (Huron 

1916  Sept 

18 

9  28     5 

23.47 

7 

is 

9  51  35 
10     1     1 

85.65 

21.20 

5 

8 

Oct. 

15 

9  33   11 

S     1    1!) 

21.65 

22.51 

9 
5 

22 

8  53  l  1 

9  1    S 

181.50 

Id.  M 

5 

8 

S     7  .'(! 

:13.52 

10 

*(  »bserva1 

ion  si 

ipped  1>\  clouds 

*?  if  ( )l>i  ron.     >  >bs 

rv.'it  ion    to] 

ped  by  cloud 

N°-  758 


T  11  E     AST  R  ONOMIC  A  I,     .1  0  U  R  N  A  1. 


107 


Date  C.  S.  T.  P.  A.  Dist.  Cps. 

Titan/a  and  a  very  Faint  Stab  South 


1916  Sept.     2          11     4  23          177.08 
11     9  57  


L5.48 


Titania  and  a  Small  Object  Prec.  (15m,  fol.  of  2) 

L916  Oct.    21            7  32    5  225.30  5 

7  38  15  8.86  10 

Measui  es  exceedingly  difficult. 


Date  C.S.  1'.  A.  Dim 

Oberon  and  a   l.Ynt  .Mac  Stab  South 


L916  Oct.      3 


8  20    7 
s  26  28 


.49 


[  1. 01 


5 

K) 


V.  rki  s  Observatory, 

Williams  /;< 


NOTE. 


Tlic  undersigned,  astronomer  at  the  Leyden  Obser- 
vatory,  is  about  to  undertake  a.  reduction  of  the  old 
Paramatta  Catalogue  for  L825.  A  notice  of  Dr.  Pow- 
alhy,  dated  1878  I  believe,  states  that  after  the  death 
of  Rumker  in  1861  the  observations  made  at  Paramal  ta 
from  1826 — 1828,  containing  some  7000  starplaces, 
have  been  put  in  his  hands  for  publication.  Apparent- 
ly Dr.  Powalhy  took  no  further  action  and  I  see,  in 
Astronomische   Nachrichten    Vol.    100,  that   he  died  at 


Washington  in  L881.  Perhaps  some  of  your  readers 
will  know  where  those  unpublished  and  very  important 
observations  went,  and  if  so  would  communicate  with 
me  regarding  this  matter. 

J.  E.  ue  Vos  van  Steenwijk. 

Oegstgt  est  n<  >,,-  I.<  yden, 
June  II,  1919. 


OBSERVATIONS   OF   BORELLY'S   PERIODIC   COMET, 

MADE    WITH   THE    26-INCH    EQUATORIAL   OF   THE    V.  S.  NAVAL   OBSERVATORY. 

[Communicated  1>\    Rear  Admiral  J.  A.  Hoogewerpf,   I".  S.   Navy  Superintendent.] 


Date    Wash.  M.T. 

* 

Comp. 

Aa 

a 

App.  a 

App.  <5 

Log  pJ 

Red.  of  ^ 
to  App.  PL 

See'g 

Obs. 

1918                       li      m      s 

1  'ei.    23  13  14  42 

1 

d    8 

8 

+  0    9.40 

+  0  37.4 

h        in        s 

6  18  35.97 

-'  2  39  24.5 

9.503w  0.758 

i  3.97  +  4.0 

f 

Bn 

Nov.     1  13  38  27 

2 

t  30 

0 

+  1  35.27 

+  1  21.5 

6  32  28.38 

+   1  54  16.7 

0.304/;  0.725 

+  4.27  +  0.6 

P 

li\ 

8  12  53  19 

3 

t  20 

4 

+  1  22.99 

-0    7.6 

6  41  52.30 

+   6  26  17.2 

0.107//  o.oss 

+  4.56  -   2.6 

f 

Bn 

25  12  30  46 

4 

t  25 

5 

+4  17.45 

+  3  15.6 

6  58  20.84 

+  21  40  53.2 

0,12.1/,  0.472 

+  5.47  -   9.6 

P 

B 

25  16    5  22 

5 

d  12 

10 

+  0    4.69 

+  0  53.4 

6  58  25.57 

+  21  56  22.9 

0.251     0.433 

|  •">.  10   -10.2 

P 

B 

Dec.    17    9  54  41 

6 

d  12 

12 

-0    7.74 

-2  19.7 

6  59  33.64 

+46    5  is. 3 

0.705//  0.S10 

+  7.4S  -14.2 

P 

B 

18  10  17  17 

7 

d  12 

10 

+0  2:1.73 

+  3  19.3 

6  58  57.82 

+  47    5  11,1 

0.005//  9.002 

+  7.01   -14.0 

g 

B 

26  11  2::  47 

8 

d  12 

in 

-II  20. SO 

-4  15.8 

6  52  19.20 

+  54    8  2S.0 

0.305//  0.310// 

+  S.05  -12.2 

f 

B 

Jan.       6  10  11  48 

9 

1   30 

0 

-  3  10.18 

7  56.3 

6  40    6.43 

+  00  19  50.7 

9.535??  0,101/, 

+  4.60  -   4.5 

g 

B 

0  10  15  38 

10 

i   50 

10 

-  1   30.02 

4-  1    17.5 

6  36  18.98 

+  62    0  12.5 

0.1  IS/,  0.500// 

+4.81   -    3.3 

P 

B 

1 1     9    5  58 

11 

d  12 

10 

-  I  2:;.  12 

-2  37.7 

6  :;i  50.39 

+  62  40  30.7 

0.721//  0.  I2S/, 

r  1.0 1   -    2.6 

K 

B 

18    S  52    s 

12 

.1  12 

13 

-1  12.87 

-3  32.7 

6  29  15.52 

+  0  1  44  37.0 

9.685?!  0.503?! 

-t  5.20   -    0.2 

f 

B 

20    0     _'    4 

13 

d  12 

10 

+  0     2.03 

+  2  50.2 

6  28  12.03 

+  05    7  41.0 

0.012//  0.538?! 

+  5.30  +  0.6 

f 

B 

Feb.      6    7  55  52 

14 

d  12 

10 

+  0  40.71 

+  0  27.1 

0  32    2.49 

|-iiii  1  1  25.3 

0.0  10,,  0.552// 

\  5.25  +4.1 

S 

B 

24     s    !l  57 

15 

1     oil 

10 

-1  45.13 

+  2  50.0 

6  57  5.-,. 77 

i-0  1    10  53.5 

9.181/!  0.570// 

I   I7M  +  4.1 

R 

B 

20     7   is  20 

10 

d  12 

10 

+  0  37.73 

+  1     2.3 

7     1    11.01 

!  0  1  30  50.1 

0.302/,  0.565?! 

-1   1.00  +   4.5 

f 

B 

Mar.  21     8  54  11 

17 

d  12 

10 

+  1)  is. 74 

-0  13.1 

7  50  58.27 

+  60  21    10. (1 

0.300    0.485?! 

I  3.76  +  2.9 

P 

B 

Apr.    21  10    9  51 

is 

d  12 

lOl-f-0  12.27 

-3     1.6  8  58  29.06 

+  52  52  50.0 

9.743     9.615m 

+  2.80  -   0.1 

f 

B 

l  in  1»  i-  comparisons,  <1  signifies  direct  measurement,  driving  clock  i 
Seeing:   g  =  good,  f  =  fair,  p  =  poor. 

'i-s:   B.\-  =  I1.  I.    Burton,    B  =  Ernest  Clare  Bower. 


t,  in,, i  ures  made  I >.\  transits. 
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Mean  Places  of  Comparison  Slurs  for  the  Beginning  of  th.    Year. 

* 

a 

8 

Authority 

1 

6   18  22.60 

-   2  40     5.9 

A.  G.  Straszburg  2061 

2 

6  30  48.84 

+   1  52  54.6 

A.  G.  Albany  2272 

3 

6    H)  24.75 

+   li  26  27.4 

A.  G.  Leipzig  II  3188 

4 

6  53  57.92 

+  21  43  47.2 

A.  G.  Berlin  B.  2706 

(Astr  Par  +23°.07h  00m,  620  (10.4) 

•") 

6  58  15.42 

+  21   55  39.7 

Astr  Par  +22  .06    56   .  650  (10.6) 
(Astr  Par  +21  .07    00   ,     28  (10.6) 

6 

6  59  33.90 

+  46     7  52.2 

A.  G.  Bonn  5728 

7 

(i  58  26.48 

+  47     2  36.1 

Star   (9m.5— ,10m.0)   comp.   with  A.  G.   Bonn   5711 
1918.0:  Ad  =  +0m  32. 25.,  Ao  =   -7'  34".  1,  1918  Dec. 

26 

8 

6  52  37.35 

+  54   12  56.9 

A.  G.  Cambridge,  U.  S.  2680 

9 

(i  43  41.95 

+  60  58     0.5 

A.  G.  Hels-Gotha  4732 

111 

6  38  24.09 

+  62     4  58.3 

.1.  G.  Hels-Gotha  1687 

11 

6  36     8.57 

+  62  52  20.0 

A.  G.  Hels-Gotha  4652 

12 

6  30  23.10 

+  64  48     9.9 

\  Christiania  L062 
•  ■    '•       |  Hels-Gotha  4594 

13 

(i  28     5.60 

+  65     4  50.2 

Astr  Grn  +65°  .06h  27'",  2179 

14 

6  31   16.53 

+  66  13  54.1 

.4.  G.  Christiania  1063 

15 

6  59  36.17 

+  64  43  50.1 

A.  G.  Hels-Gotha  4878 

16 

7     0  58.62 

+  64  29  43.3 

A.  G.  Hels-Gotha  4892 

17 

7  51)  35.77 

+  60  21  50.2 

A.  G.  Hels-Gotha  5292 

is 

8  58   13.99 

+  52  56     1.3 

Star  (12"'.0±)  comp.  with  A.  G.  Camb.,  U.  S.  3270 
1919.0:  Aa  =  +2m  58*.64,  A5  =   -3'  45".6,  1919  Apr. 

21 

Oct. 

23 

Nov 

1 

8 

25 

Dec. 

17 

L8 

26 

.Jan. 

(i 

9 

11 

Moonlight  and  haze.     Comet  nebulous. 
Cornel    visible    in    5-inch    finder.     Nucleus 

fairly  well  defined. 
Haze.     Comet  faint  at  times. 
Nucleus  10'". 5.     Head  about  6"  in  diameter. 
Bright  moonlight  llm.0±. 
Bright  moonlight. 
10m.0± 

Transits  of  cornel   rather  poor. 
Windy.     Pom-  transits  of  comet. 
Moonlight. 


Notes 
Feb. 


Mar. 
Apr. 


6. 
24. 


26. 


21. 

21. 


12"'.5± 

13"'.().     Transits  of  comet  very  poor.      Faint 

wires  fluctuated  very  much  in  brightness. 
13m.O.     Faint  wires  fluctuated  very  much  in 

brightness. 
13'". 5.      Poor  observation. 
l-t'".0±.     Poor  observation. 


II  ashington,  D.  C,  July  23,  1919 


NOTE   ON   TWO   RAPIDLY   MOVING    STARS    L\    PISCES, 

By  frank  schlesinger. 


In  the  Publications  of  the  Astronomical  Society  of 

tin     Pacific    for    December,    1917,    Dr.    van  Maanen 

calls  attenl  he  twelfth  magnitude  thai 

i  annual  proper-motion  of  3".0.       Its  position  for 

L900  is 

n'  43™  53       +4°  54'.4 

This  star  is  only  14'  distanl   From  :    e  sixth  magnitude 


star  /)'.  I).  +4°  123,  which  has  an  annual  proper- 
motion  of  1".4,  this  proper-motion  having  been  derived 
thirty  years  ago  by  the  Albany  observers.  Dk.  Max 
Wolf  has  recently  made  an  independent  discovery  of 
the  large  motion  of  the  fainl  star  (Astronomische 
Nachrichten  4984).  In  spite  of  the  large  difference 
between  the  motions  of  the  two  stars,  Dk.  W.h.i 
expresses  the  belief  that  they  form  a  physical  system 
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and   gives   some    particulars    regarding    their    relative 
orbit  on  this  assumption. 

The  brighter  star  of  the  two  was  placed  on  the 
Allegheny  programme  for  a  determination  of  its 
parallax  in  August,  1917;  since  then  eight  well-dis- 
tributed plates  have  been  obtained.  The  writer  has 
measured  these  and   derives  for  the  relative   parallax 


+  ".15 


".00S 


This  agrees,  as  well  as  can  be  expected,  with  Chase's 
determination,  +".16  ±".048;  and  with  Flint's, 
from  his  second  series,  +  0".  IS      ±".040. 

The  Allegheny  plates  also  show  the  fainter  star 
detected  by  van  Maanen  and  Wolf;  its  measure- 
ment yields  the  relative  parallax 


+0".2~ 


=0".012 


This  confirms  the  large  value  derived  by  \  \\  Maanen, 
(Publications  of  (he  Astronomical  Society  of  the 
Pacific,    February,    1010),    +0".244      ±".008. 

In  view  of  the  large  difference  in  parallax  that  these 
results  prove  io  exist,  the  assumption  that  the  i  wo 
Stars  form  a  physical  system  must  be  abandoned. 
Their    close     proximity     on     the     celestial     sphere     i       a 

remarkable  coincidence,  but   nothing  more. 
The  i  wo  parallaxes  from  the  Allegheny  plates  quoted 
e  should  be  regarded  a-  preliminai  j   onlj        I'll  ■  • 
will   lie  superseded  by  definitive  values  after  our  set 
of  plates  has  been  completed. 


Alleghi  n  ,  l 

/ ' nir,  rsity  of  Pittsburgh, 
.In,,,  .',  /.'/;.'/. 


MEASURES   AND   APPROXIMATE   ORBIT  OF   y   HI' I. 

By  BERNHARD  H.  DAWSON. 


Historical.  y  Lupi  was  discovered  to  be  double  by 
Sik  John  Herschel  at  the  Cape  of  Good  Hope  in 
\s:;\.  being  at  that  time  a  moderately  difficult  pair  of 
something  less  than  1"  separation.  He  observed  it 
many  times  in  position  angle,  but  only  made  two  meas- 
ures of  distance,  the  rest  of  his  distances  being  estimates. 
It  was  observed  by  ('apt.  Jacob  in  India  in  1853  and 
again  in  185G.  Since  that  time  the  star  has  been  one 
of  considerable  difficulty,  and  from  1857  to  1897  or 
later  i1  was  not  seen  separated,  although  elongation 
or  possible  elongation  was  noted  several  time-  at 
Sydney  and  Melbourne. 

In  1897  Prof.  See  measured  this  pair  with  the 
Lowell  refractor,  and  in  Monthly  Notices,  vol.  LVIII, 
]i.  15,  with  the  scanty  evidence  then  at  hand,  con- 
cluded that  it  was  a  binary  with  inclination  nearly 
and  that  it  had  twice  passed  occultation  between 
1857  and  1897  and  was  again  opening  out  to  the 
position  in  which  Herschi  l  observed  it. 

After  measures  in  1900  02  with  the  Cape  18-inch, 
Mr.  Innes  suggested  a  uniform  decrease  in  disl 
from  Herschel's  time  till  then.  This  supposes,  not 
only  that  Innes'  own  distances  are  too  large,  but  also 
that  Herschel's  distances  are  much  too  small;  in 
that  they  are  "//  estimates  and  subject  to  the 
well-known  systematic  correction. 

Since  that  time  the  pair  has  been  re-observed  by 
Innes  with  the  Johannesburg  9-inch,  bu1  at  hist  for 
lack  of  micrometer  and  later  on  account  of  excessive 
closeness,  his  distances  are  all  estimates.  Ii  has  also 
been  observed  by  the  writer  with  i  he  La  Plata  17-inch, 


and  l  hough  at  no  time  was  the  pair  seen  divided,  yet 
the  measures  of  elongation  are  considered  fairly  trust- 
worthy.     Of  these  results  those  of   1919  are   heretofore 

unpublished.     All  are  with  magnification  1125. 


I 'inn 


Seeing 


14.397 

OILS 

0.23 

19,1 

4 

n.:.7L> 

79.4 

0.23 

Hi. 9 

4 

17.272 

77. Ii 

0.21 

L5.1 

:; 

17.477 

7:!.:; 

0.2  ± 

Jli.7 

3^ 

17.608 

80.5 

o.i:, 

17.9 

3 

19.268 

Sli.O 

0.1  ± 

13.4 

2]/2 

19.325 

78.4 

<0.10 

12.4 

4 

With  these  new  data  the  problem,  which  has  long 
been  an  enigma  among  the  southern  doubles,  at  last 
becomes  qualitatively  soluble,  and  a  fair  approxima- 
tion io  the  numerical  values  may  be  obtained.  Such 
a  solution  is  the  purpose  of  the  present  paper. 

ditativt    deductions.     Collecting   all    (die   observa- 
tions, we  obtain  the  following  table: 


Date 


S 


Aperture     <  ibserver 


1835.05 

94.3 

— 

9 

(Si  ii 

1  I  ERSI  im:i. 

L835.24 

0.84 

2 

(i 

1  1  I  rschel 

1836.52 

95.5 

1 

18 

1  1  BRSCHEL 

L837.04 

93.8 

6 

(i 

HERSl  mi. 

1853.1 

27M.  1 

1.03 

2 

- 

.1  M'oi:. 

ls.-.ii.i; 

27.1,1 

i 

3 

- 

Jacob. 
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Dute 


Aderture     Observer 


L871.46 

Single. 

1 

7 

Russell. 

L877.4 

Plainly 

elong. 

1 

Melbourne 

L877.50 

270  =±= 

E. 

1 

11 

Hi  ssell. 

L877.54 

Sing] 

3 

11 

Russell. 

1880.58 

270  ± 

E? 

1 

11 

Russell. 

L880.67 

Sing] 

1 

7 

Hargrave. 

L881.54 

Single. 

1 

11 

Russell. 

L  886.57 

90  ± 

E? 

1 

11 

Hi  >sell. 

L886.57 

Single. 

1 

7 

Pollock. 

L887.53 

Triangular. 

1 

11 

Pollock. 

1895.56 

Single. 

3 

11 

Si  i.lors. 

L896 

Single. 

2 

- 

Innes. 

L897.07 

91.7 

0.38 

3 

24 

Lowell  Obe 

L898 

Divic 

eel. 

18 

Innes. 

1900.61 

91.5 

o.::r, 

1,2 

IS 

Innes. 

L902.10 

90.0 

0.70 

3 

18 

Innes. 

1909.6 

80  ± 

0.5  ± 

9 

Innes. 

L910.6 

80  ± 

0.5  ± 

9 

Innes. 

1913.48 

90  ± 

E. 

2 

9 

Innes. 

1914.48 

85. 1 

0.23 

2 

17 

Dawson. 

1914.54 

•202  ± 

E. 

2 

9 

Innes. 

1917.45 

77.1 

0.1!) 

3 

17 

Dawson. 

1919.30 

82.2 

<0.10 

2 

17 

Dawson. 

From  this  table  we  may  immediately  conclude  thai 
the  star  is  a  binary,  and,  since  the  angles  arc  nearly 
constant,  that  the  inclination  is  nearly  90°.  This 
agrees  with  Skk's  first  conclusion.  We  can  also  sec 
that  the  distance  was  increasing  in  1897,  which  also 
-  with  part  of  See's  second  conclusion,  and  ren- 
ders untenable  Innes'  supposition  of  uniformly  de- 
creasing distance.  But  the  new  data  show  that  the 
pair  is  again  closing  up,  and  that  at  no  time  since 
1890  has  the  distance  been  a-  great  as  those  observed 
by  Herschel  and  Jacob.  This  makes  it  clear  that 
the  portion  of  the  orbit  described  by  the  companion 
L890  does  no1  contain  the  position  in  which  it 
was  observed  by  them,  and  does  contain  periastron. 
Hence  there  was  hut  one  occultation  between  I860 
1900,  i  lie  epoch  being  near  1890  while  the  epoch 
of  the  second  occultation  can  he  fixed  as  1920  very 
nearly. 

The  quadrant   during  the  interval  since  1890  must 
itly    he    the    opposite    of    thai    before    that 
time,  and  as  the  majority  of  the  observations  indicate 
the    smaller    -far    (if    there    he    any    difference    of 
th    been   in   the  following  quad- 
rant,   this    is    adopted.     As    the    inclination    is    very 
90      the    observations    of    position    angle    will 
determine    node    and    inclination,    bu1    will    leave    the 
elements  to  be   determined   from   the  distances 
alone      If   we   now    ploi    the   distances   as   function   of 


the  time,  considering  those  before  1890  as  negative, 
and  seek  by  trial  a  set  of  values  for  the  other  elements 
which  shall  give  a  similar  curve,  we  shall  he  led  to  the 
following  conclusions: 

A  negative  value  of  w  conflicts  with  the  slow  de- 
crease in  distance  before  1890,  while  a  positive  value 
conflicts  with  the  rapid  apparent  increase  after  that 
date,  and  u  =  0  is  a  satisfactory  compromise.  This 
will  bring  T  about  1905. 

Supposing  co  =  0,  the  maximum  separations  on 
each  side  give  us  a  (1+e)  and  a  (1—  e)  directly,  the 
latter  being  on  the  order  of  0".5,  perhaps  slightly  more. 
If  we  disregard  Herschel's  distance,  P  and  a  (1+e) 
arc  indeterminate  and  may  both  be  large.  If  we  con- 
sider it  exact.  <m1+c)  must  be  on  the  order  of  1".0  and 
P  slightly  over  100  years.  By  varying  P,  a  and  e 
together  ii  is  possible  to  obtain  various  sets  of  elements 
which  give  very  similar  curves  for  the  interval  since 
1875,  and  as  the  curve  will  be  symmetrical  about  the 
epoch  of  periastron,  we  see  that  observations  during 
the  next  ten  years  or  so  will  help  us  but  little  towards 
a  more  accurate  determination  of  these  doubtful 
elements. 

In  view  of  this  last  deduction  and  of  the  peculiar 
interest  of  the  problem  it  was  thought  advisable  to 
derive  the  best  approximation  possible  from  th?  data 
now  at  hand,  in  spite  of  the  fact  thai  their  paucity 
hardly  justifies  a  least  squares  solution. 

Quantitative  solution.*)  As  a  point  of  departure 
the  following  trial  (dements  were  used. 

P  =  120    years, 

T  =  1905.0, 

e  =  0.10. 

a  =  0".80, 

CO   =  0. 

Selecting  the  measured  distances  and  combining  the 
negative  observations  of  1SS7  and  1895  into  one  of 
distance  zero,   the  following  comparison  was  obtained. 


L  835.24 

-0.84 

-1.07 

+  0.23 

1853.10 

L.03 

-1.09 

+  0.06 

1891.54 

0.00 

+  0.0S 

-0.08 

1897.07 

+0.38 

0.32 

+  0.06 

1900.61 

n  36 

+  0.43 

-0.07 

1902.10 

+  0.70 

1-0.45 

+  0.25 

1914.48 

|  0.23 

4  0.26 

-0.03 

1917.45 

+  0.19 

+  0.12 

-t  0.07 

L919.30 

+0.08 

+  0.04 

+  0.04 

[nn]   =  0.1413. 

Schlesinger's  Tables  for  thi    True  Anomaly   in    Ellipti 
.•mil  u  20-inch  slide  rule  were  used  throughout  the  work. 
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Since  i  =  90°,  the  formulae  given  by  Pbof.  Comstoi  k 

in  Astronomical  Journal,  No.  725  are  unmanageable, 
as  all  his  distance  coefficients  except  h  contain  tan  i 
and  become   infinite.     But   we  may  differentiate   the 

equation. 

p      =  r  cos  a , 
obtaining,  after  sonic  reductions. 


dp  =  -  do  —  r  sin  u  d 


r  sin  u  sin  v 


1  -e 

a  (sin  a  +  e  sin  co) 


+  a  cos  co  )  de 


(jidT  +  (T-l)  dp) 


But  since  we  have  co  =  0,  we  may  simplify  1his  with 
the  relations 

sin  co  =  0,     eos  co   =    1,      u  =  /', 
obtaining  for  our  special  case 


,  p  .  /  /■  Sin'  r 

dp  =  -  da  —  r  sm  y  dco  — -  +  a    de 

«  V  1  —  «'- 

a  sin  v 


+ 


VT 


(pdT+(T-t)dp), 


dp   _   p 
3a        a 

dp 

dco 

dp 

r  sin-  v 

de 

1  -e2 

dp 


dp     _    p  ii  s  ii  ;■ 


(7'  —  /)  a  sm  ,- 


x    I 


in  which  all  angles  are  supposed  expressed  in  radian 
measure. 

The  equations  of  condition  were  formed  with  the 
residuals  found  above  and  these  partial  differential 
coefficients  computed  for  the  corresponding  dates. 
In  a  first  solution  for  the  increments  to  the  elements 
it  became  evident  that  u  and  T  were  not  separately 
determinate.  To  obviate  this  difficulty  T  was  assumed 
to  be  a  linear  function  of  os,  such  that  their  combined 
variation  should  leave  unchanged  the  epochs  of 
occultation.  This  gives  us  the  relation  AT  =  14.2  Aco, 
by  means  of  which  we  may  combins  their  coefficients. 
To  facilitate  the  uumerical  work  the  quantities  ac- 
tually used  as  unknowns  were: 


x  =  Aa,    y  =  2Ae,   z  =  15Ap,    w  = 


Aco 


AT 
71 


obtaining  the  following  system  of  normal  equations: 


+4.552  x  -  0".032  y  -  1".494  z  -  0".831  w  =  -0".259 

-0.032  x  +  3   .445  y  +  2   .996  z  -  0   .085  w  =  -0   .243 

-1.494  x  +  2  .996  y  +  6  .103  z  -  1    .568  w  =  +0  .206 

-0.831  x  -  0  .085  y  -  1   .568  z  +  7   .858  w  =  -0  .076 


from  which  were  derived: 

x   =   -0".0194       Aa    =   -0".019  a    =       0".78 

y   =   -0   .1712       Ae    =   -0   .086  e    =       0  .314 

z   =  +0  .1170       Ap    =  +0°.45  P  =  104   .3   years 

w  =  +0   .0101       Aco    =   +0°  .050  co    =  +2°  .9 

AT  =  +0   .72  T  =   1905.7 

For  a  determination  of  the  position  of  the  orbil  plane 
we  have  directly  from  geometrical  consideration-, 

s  sin  (/'  —  Q,)  =  r  sin  u  cos  ?'. 

Since  in  our  ease  the  angle  P  —  Q,  is  small,  and  i  very 
near  90°,  we  may  write  without  appreciable  erroi 

a(P  -  Si)  =  rsin  u  (90°  -  z), 


sP  =  8ft 


/•  sin  a  A/. 


But  since  in  general  the  accuracy  of  sP  increases  and 
that   of   P   decreases   with    diminishing   separation,    a 

better  weighting  may   be  obtained  by  the  compromise 


Vs  P  =  Vs 


ft    —   —p  sin  a  A/. 
Vs 


As  these  coefficients  are  homogeneous,  we  may  express 
the  angles  in  degree-,  and  since  the  observations  of 
position  .'ingle  are  much  more  numerous  than  those  of 
distance  we  may  omil  the  least  squares  solution  and 
add  all  the  observation  equations  in  which  the  co- 
efficients of  the  unknowns  have  like  signs  for  one 
normal  equation  and  those  with  unlike  signs  for  the 
other,  after  correcting  the  observed  position  angles 
for  the  elicit  of  precession.     In  this  way  were  found: 
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ls'.U  .4  =  20.350  SI  +  14.565  M 

SOI  .3  =  9.038  Q,  -  13.012  A/ 

&  =       91°.o6  (1900)       91  .5  I  L9 

Si  =  +   r.93,     i  =  91  .9 

i  ombining  these   results   wo  have  as   probably  the 
best   system  of  elements  obtainable  with  the  presenl 

•  lata  : 


p 

= 

104.3  year? 

T 

= 

1905.7 

e 

= 

0.314 

a 

= 

0".78, 

to 

= 

2°.9 

i 

= 

±91°.9 

a 

= 

91.5     (1910) 

corresponding  to  the  apparent  ellipse: 

Major  Axis  =  1".50 

Minor  Axis  ^  0   .05 

Star  from  (  entre  =  0   .24 

Position  of  Major  Axis  =  91°.5 
Position  of  Periastron     =  91  .5 

These  elements  give  us  the  following  comparison 
with  the  measures.  (The  estimates,  except  those 
nearest    1890,  are  omitted,  i 


Dai.' 

1835.05 

1835.24 

1836.52 

1837.04 

1853.1 

ls.Mi.17 

lssT.A:; 

1895.56 

1897.07 


273.3 
273.2 
273.1 

27;;. i 

271.8 

271.6 

253.9 

95.0 

94  l 


+  1.0 

+  2.4 
+  0.5 
+  1.6 

+3.8 


-2.4 


s, 

0.77 
0.78 
0.82 
0.83 
1.03 
1.02 

II. (is 

0.30 
0.36 


O  -  C   Obs. 

h. 
+  0.06   h. 

h. 

h. 

0.00   J. 

J. 

Pk. 

Sel. 

f-0.02   X 


Date 

1900.61 
1902.10 
1914.48 

1914.54 
1917.45 
1919.30 


1', 

92.8 
92.3 
88.2 
88.2 
84.3 
75.1 


Q-C 

-1.3 
-2.3 
-3.1 
-6  ± 
-7.2 
+  7.1 


Se 

0.48 
0.51 
0.31 
0.30 
0.17 
0.08 


o-r       Obs. 


-0.12 
+  0.19 

-o.os 


+0.02 
0.0 


I. 
I. 

5 
I. 

5 
5 
0.0734 


The  following  ephemeris  shows  that  this  pair  will 
remain  exceedingly  difficult  for  several  years,  hut 
should  be  fairly  easy  after  1930. 


919.7 

69.8 

0.06 

20.7 

15.8 

0.02 

21.7 

299.7 

0.05 

22.7 

2S6.6 

0.09 

23.7 

281.0 

0.14 

20.7 

276.2 

0.29 

29.7 

274.0 

0.42 

32.7 

273.7 

0.55 

35.7 

273.2 

0.66 

In  conclusion  it  may  well  be  noted  that  while  these 
elements  were  determined  by  differential  corrections 
and  agree  well  with  the  observations,  they  must 
nevertheless  be  considered  as  only  approximate,  for 
there  are  but  two  sets  of  distance  measures  before 
1S97,  and  we  have  seen  that  if  we  disregard  one  of 
these,  the  period,  eccentricity  ami  mean  distance  may 
all  vary  greatly.  Nor  can  we  be  really  certain  of 
these  elements  until  the  companion  has  passed 
apastron.  Yet  in  spite  of  this  the  above  ephemeris 
should  represent  the  apparent  motion  fairly  well. 

La  Plata,  1919,  Juru   19 
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Vouvelles    Tables     TrigonomStriqv.es     Fondamentales. 

(Valeurs     naturelles.)     By     H.     AndoyEr.     Tome    2, 

Paris,   1910. 

Ob. '  i  Cati  I    Uoih  s 

1  i  Pholographi- 

Heiidaye.    1917. 

I  San     Fernando. 

L919. 


<\iltilt>ijti  Astrografico  Sezione  Vaticano.  CoordinaU 
rettilinee  e  didmetri  de  immagini  stellari:  \  ols.  I,  II, 
III,  Zones  +64,  +0)3  and  +02.  resp.  Home,  1914, 
1915.  1917. 

Catalogs  tic  7',1  /  Estrallas  (Dec.  entre  -52°  y  —57°) 
para  d  equinoccio  1925  par  Pablo  T.  Delavan.  La 
Plata.  Observatorio  Astronomico.     1919. 
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Date 

W  M  T. 

V 

W.  M.T. 

s 

1  ' 

Obs. 

Remarks 

191 

Dee. 

9 

13    6  21 

311.740 

13    8  27 

16.01 

1  .  5 

4 

IIl 

13  57  32 

310.845 

13  56  21 

10.09 

5 

4 

13 

12  44  12 

89.326 

12  12  11 

15.21 

4 

4 

2  3 

Hl 

13  23  23 

87.929 

13  28     1 

15.1-1 

1 

4 

19 

13     1  21 

S3. 531 

1 2  55  38 

1  1.72 

1 

4 

3-4 

Hi. 

Haze  and  moonlight.     Satellite  v.  faint. 

13  47  11 

82.045 

13  4S  55 

1  1.37 

1 

5 

28 

11  45    0 

253.933 

1 1  45  5 1 

L3.90 

4 

4 

3 

Hl 

12  24  33 

255.217 

12  27     1 

13.  so 

4 

4 

14  18     1 

246.588 

14  20  34 

12.88 

4 

4 

2  3 

Moonlight.     Satellite    fainl    and    diffi- 

15   5  41 

245.144 

15    3  57 

13.27 

4 

4 

cult. 

30 

12  15  43 

118.216 

12  17  27 

10.72 

4 

4 

3 

Hl 

Satellite  very  fainl . 

1913 

12  55    7 

114.187 

12  56  16 

16.72 

4 

4 

Jan. 

1 

10  33  44 

349.479 

10  28  58 

12.15 

4 

4 

2-3 

IIl 

-Mist  and  fog.     Satellite  faint. 

11  32  40 

347.940 

1 1  28  2 1 

12.10 

4 

4 

8 

11  49  14 

287.646 

1 1  50  22 

17.26 

4 

4 

3 

Hl 

13  13  12 

286.270 

13  13  12 

17.03 

4 

5 

9 

13  46  48 

229.721 

13  52  56 

11.51 

4 

4 

2 

Hl 

Delayed     by    clouds,    and     by    short- 

14 

13  42  43 

280.546 

13  50    0 

10.x  1 

4 

4 

2 

Hl 

circuit  on  inst  niincTit . 

14  20  56 

277.980 

1121     2 

10.05 

4 

4 

14  54  35 

276.232 

1 4  58     1 

16.56 

4 

4 

Some  haze. 

15  26    6 

276.474 

15  25  13 

Hi. 41 

4 

4 

Satellite  faint  at   last. 

Feb. 

4 

11  25  50 

86.757 

1 1  26  32 

15.10 

4 

4 

3 

Hi. 

11  47  42 

85.362 

1 2    5  30 

14.90 

2 

4 

Stopped  by  clouds. 

6 

11  10  15 

304.288 

11   10    9 

10.43 

4 

4 

3-4 

Hl 

11  43  12 

303.276 

,1  43  12 

10.51 

1 

1 

7 

9  49    9 

264.94] 

9  51  25 

15.71 

4 

1 

3-4 

Hl 

10  26  55 

264.269 

10  28  55 

15.30 

1 

1 

12 

11     9  58 

300.644 

11  12  31 

10.75 

4 

1 

3-4 

Hi. 

Windy. 

1 1  44  43 

297.223 

1  1  44    9 

10.01 

4 

1 

13 

8  26  53 

262.009 

8  26  40 

14.99 

4 

4 

3-4 

Hl 

Satellite  Faint  on  accounl  of  haze. 

9  12  36 

2(11. 1S7 

9  12  54 

14.80 

1 

5 

15 

1.0  42  59 

118.263 

10  25  24 

10.22 

4 

4 

2  3 

Hl 

Satellite  very  fainl  on  accounl  of  moon- 

11 39  10 

115.934 

11  39    4 

10.50 

4 

4 

light  and  haze.     Delayed  by  break  in 

hand  lamp  wires. 
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Date 


\V.  M.T. 


Comp  ' 


See'g 

Obs. 

2-3 

Hl 

2 

Hl 

3-4 

Bn 

3 

3-4 

Bn 

3-4 

Bn 

3 

Bn 

3 

2 

Bn 

2 

Bn 

2 

Bn 

2 

Bn 

3 

Bn 

4 

Bn 

2 

Bn 

2 

2 
2 

Bn 

Feb.  is 


25 


28 


Mar. 


is 


20 


22 


21 


28 


29 


31 


Apr.  1 


17 


I!) 


10  16  39 
10  56  25 

9  59  36 
10  42  11 

7  57  4 1 
s  23  17 

9  59  48 
10  22  19 
in  59  in 
LI  19  57 
10  3  18 
10  27  33 

8  4  20 
8  34  13 

10  10  3 

7  48  13 

8  4  12 
10  14  28 
10  34  1 

7  59  55 

8  18  40 

9  12  30 
9  29  L6 
9  47  37 

10  6  43 
9  23  211 
9  54  4 

7  53  19 

8  13  21 
in  12  56 

10  32  22 

8  6  16 
s  25  1 3 

9  3  46 
'.»  21  6 

8  11  18 
s  32  31 
'i  L6  58 

9  39  33 
s  38  li 

8  57  56 

9  12  53 

10  2  11 

7  5  1  5  1 

8  L9  16 

7  49  36 
s  12  '.i 

9  34  51 
10  0  12 

8  36  L2 
8  59  40 


296.063 

294.426 

243.687 

240.907 

66.499 

65.263 

61.339 

59.655 

191.958 

102.204 

51.113 

50.220 

333.588 

331.611 

327.247 

285.387 

285.566 

29.531 

27.725 

275.7U1 

274.719 

272.832 

272.366 

132.153 

L31.423 

23.164 

21.411 

L29.725 

129. 21)2 

125.031 

L  24.187 

86.215 

85.949 

84.096 

83.580 

306.748 

305.604 

304.325 

303.695 

262.994 

261.667 

25H.273 

259.086 

5.541 

3.576 

257.899 

256. 90S 

338.835 

337.187 

241.220 

2  1(1.577 


II)  16  35 
K)  58  36 

9  59  5  1 
10  43  36 

7  59  7 

8  23  58 
10  2  9 

10  22  17 

11  1  10 
11  22  30 
10  4  8 
10  29  4 

8  5  49 

8  36  39 

10  18  30 

7  48  47 

8  4  27 
10  14  29 
in  :;:;  56 

8  0  30 
S  20  42 

9  11  8 
9  29  38 
9  47  39 

10  6  57 
9  27  0 

9  53  50 

7  5  1  27 

8  13  2 

10  13  12 
1()  33  2S 

s  7  2  1 

8  26  59 

9  4  8 
9  25  51 
S  12  13 
s  32  56 
9  17  5 

9  39  5  1 
8  37  2 

8  57  16 

9  11  29 

10  3  2 
7  55  7 
s  20  38 

7  50  0 

8  1  t  31 

9  34  3 

10  0  43 
s  :;:,  52 
8  59  15 


17.12 
17.15 
13.37 
13.09 
13.66 
12.69 
13.06 

1  I.N! 

16.37 
16.23 

11.52 
12.18 
13.55 
12.79 
14.31 
16.69 
16.78 

10. S3 

11.04 

16.33 

16.03 

16.00 

15.99 

1  1.93 

15.31 

10.92 

10.69 

15.20 

15.49 

15.61 

15.91 

15.01 

15.21 

1  1.93 

1  1.38 

15.65 

15.52 

16.07 

16.17 

15.10 

I  1.81 

1  1.30 

I  1.49 

11.00 

11.25 

14.45 

14.14 

12.32 

12.49 

L3.04 

12.36 


Moonlight  and  haze.     Satellite  v.  faint. 


Thin    clouds   when   distance    una  sines 
[were  made. 


Driving  clock  stopped. 
I  nterrupted  by  clouds. 


Moonlight. 
Satellite  very  fainl . 


Bn 


Bn 


Bn 

Bn 

Bn  I  Moonlight. 

Bn      Satellite  very  faint.     Moonlight. 
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Date 

W.M.T. 

P 

W.M.T. 

s 

Obs. 

Remarks 

1913 

Apr.  21 

b       in       s 

8  30  32 
8  49  19 

107,120 
100.772 

8  30  55 

s  40  58 

16.19 

10. 00 

4 
4 

,  4 

.   1 

2 

Bn 

22 

8  20  34 
8  39  20 

.-,7.000 
57.155 

S  20    0 
s  30  20 

12.01 
12.10 

1 
1 

,  4 
,  5 

2 

Bn 

24 

7  58  1 5 

285.542 

7  58  .".0 

10.02 

4 

,4 

2 

Bn 

S   1!)     (1 

285.905 

8  20  15 

10.02 

1 

.  1 

May      1 

8  L9  13 

223.487 

8  20  46 

11.20 

I 

,  I 

2 

Bn 

8  47  15 

221.857 

8  48  12 

10.74 

1 

.  1 

3 

8    0  4  4 

98.382 

8  10  22 

10.  IS 

4 

.  1 

2 

Bn 

8  31  4-1 

97.645 

8  32  50 

10.  SO 

4 

.  1 

8 

1918 

8  20  54 
8  49  20 

135.286 
134.880 

_'l  20 
S  17  37 

1  L52 

1 
! 

.  1 

0    1 

Satellite  very  fainl  on  account  of  haze 

Dec.   17 

12  42  36 

13  28  59 

200.000 
200.171 

12  45  55 
L3  32  18 

13.32 
13.30 

! 
4 

,  1 
,  1 

3 

JIl 

Moonlight.     Haze. 

18 

111 

13  14  55 
1  1  35  31 

12  40  17 

13  18    6 

181.461 
177. isl 
131.620 
130.090 

13  12     2 

14  34  31 

12  40  26 

13  10    0 

i  1.07 

12.3S 
10.70 
16.97 

i 

5 
4 
I 

4 
4 

1 
1 

3 
2  3 

iligh.1  -in  i  haze.     •  lood  obsns.     V. 
[uite  faint.                    [steadj  . 
Moonlighl  and  haze.     Sat.  v.  faint. 
Better  al  last. 

28 

L3  47  50 

301.102 

L3  .Vi  20 

17.10 

1 

1 

3 

Hi. 

29 

i! 

15  26  18 

12  7  26 

13  :.: 

298.338 
257.973 
249.31  1 

15  29    7 

12  11  43 

13  58  17 

10.07 
12.04 
1  1.00 

4 
4 
4 

1 
4 

1 

3    1 

IIl 

-  v.  poor  for  last  position  angles. 

Intervals  of  v.  had  si  - 
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117. US 
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1 

1 
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Hl 
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1 

1 
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4 

4 
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4 

2-3 

Hl 

Moisture  on  i 

21 
24 
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286.903 
105.885 
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12    8  2! 

15.93 

10.02 

14.00 

1 
4 
4 

4 
4 

1 

3 
3-4 

Hl 
Hi. 

Stopp<  d  by  clouds  and  fog. 
H  indy.     Pointings  difficult. 

26 
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319.819 
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10.10 

1 

1 

3 

Hl 
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316.776 
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1 

1 

27 
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282.735 
281.489 
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11  12  01 
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4 

4 

1 

2 

IIl 

Haze.  .  Eyepiece  fogged  occasionally. 

29 
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10.01 

1 

4 

3 

IIl 
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134.824 
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10.40 

1 

1 

30 

31 
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100.170 
0.002 

10  49     7 
13  28  21 

14.71 
11. SO 

4 
4 

1 
1 

3 
2  3 

Hl 
Hl 

Haze.     Satellite  too  fainl  to  fini 

14  20  10 

7.360 

1  1  27  33 

1  1.04 

4 

6 

Haze. 

Feb.      1 

11  35  14 

314.763 
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10.00 

4  , 

I 

3 

Hl 

13  17  11 

:;i  1.127 

13  17     0 

10.02 

4 

4 

5 

1 2  58  •">  1 

90.81  1 

1.",      I    13 

10.37 

1 

4 

3    1 

Hi 

1  1     S  27 

84.589 

14     0  00 

12.S0 

4  , 

4 

6 

1(1  57  16 

8.785 

11     6  00 

1  1 . 1  S 

l 

1 

3 

Hl 

12  43  2.1 

3.484 

12   10  24 

1  1.00 

1  , 

1 

10 

Id  I.",  L6 

130.185 

10  10  15 

17.01 

1  . 

4 

3 

Hl 

Moonlight.     Satellite  faint. 

11     8  30 

L28.365 

11   10     1 

17.02 

4  , 

i 

19 

'.i  39  13 

303.941 

0  4  1    10 

1  . 

1 

3 

Ih. 

10  26  30 

302.807 

10  27     3 

10. SO 

4  , 

4 

24 

0  42  41 
10  25    6 

345.145 

::i  1.200 

0  1117 
10  26  14 

12.63 

1  , 
1  . 

1 
1 

2-3 

Hi 

Becoming  hazy.     Eye-piece  longed  oc- 
casionally 
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Date 

W.M.T. 

/' 

W.M.T. 

• 

( !omp. 

3e  'g 

( >bs 

Remarks 

1919 

Apr.   26 

li        in       a 

10  58  1 1 

240.645 

i 

11    1    3 

11.12 

4  ,4 

3 

Hl 

Eye-piece  fogged  occasionally. 

1 1  53  30 

237.470 

12     1  12 

11.21 

4  .  4 

Mar.     3 

9  40  17 

203.1  12 

9  45  15 

17.10 

4,  5 

[3] 

Hl 

Became  too  hazy  to  observe.     Good  at 
first,  then  very  ft.      Eye-piece  fogged. 

24 

9     1  34 

98.390 

9    0  32 

14.53 

4  ,4 

3 

Hl 

9  37  48 

96.817 

9  37  37 

13.84 

4,  5 

25 

9    3    8 

19.181 

9    5  34 

9.96 

4  ,  4 

3 

Hl 

9  13  lit 

15.204 

9  42  55 

10.37 

4  ,  5 

3-4 

Apr.      2 

8  29  16 

207.770 

8  28  19 

13.34 

4  ,  4 

3-4 

Hl 

9  23    8 

263.517 

9  26  36 

13.46 

4  ,4 

Observers:   Hl  =  A.   llu.i.;   H.\  =  H.  E.   Burton.     Seeing:   2  =  good,  3  =  fair,  4  =  poor.     Magnifying  powers  used  wire  388  and 


Values  of  micrometer  screws  were  as  follows' 

1912     Dec.    9—1913     May  8,  Clark  II  =    9".9329  +  0".0000525  (i° 

L918     Dec    17   -1919     Apr    2,  Repsold  =  20".8347  +  0".000022    (i'-' 


50    F.)    |-  0".0255  U" 
50°  F.)  +  0".0535  (0" 


.280 
810 


focal  scale) 
focal  scale) 


The  satellite  was  not  observed  at  the  five  oppositions  intervening  between  May  1913  and  December  L918.  Computations  based  <m 
the  foregoing  observations,  oppositions  of  1912— "13  and  1918  '19,  aie  under  way  and  it  is  intended  to  publish  the  results  in  the  Aslronomii  al 
Journal. 

Washington,  D.  c  .  t919  Aug    19, 


SUNSPOT   OBSERVATIONS, 

MADE    AT    BIOUWYX,     PENNA.,    WITH     A     I'—IXCH    REFRACTOR, 

By  A.  W.  QUIMBY. 
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A   STUDY   OF   PROPER   MOTIONS   IN   THE   CLUSTER    N.G.C.    663, 


Hi  vi:i;  \  M 

Material. — The   proper-motions   are    based    upon 

measurements   of  four  plates  taken  with  the   40-inch 

telescope  of  the  Yerkes  Observatory,  two  in  1903  and 

two  in  1916  after  an  interval  of  nearly  thirteen  years. 

Method  of  Measuring.  —  The  plates  were  meas- 
ured in  four  positions,  i.  e.,  in  both  A'  and  Y  coordinates 
direct  and  reversed.  In  the  case  of  two  of  the  plates, 
one  at  thp  early  and  one  at  the  late  epoch,  where 
double  series  of  measurements  were  made  in  each 
position,  the  differences  between  corresponding  co- 
ordinates were  found  to  be  gratifyingly  small  —  a 
difference  of  0.030  or  over  being  taken  as  a  criterion 
for  re-measurement.  Four  hundred  and  thirty  siars 
were  measured  on  the  best  plate.  Later  this  number 
was  reduced  to  209. 


GUSHEE 

Sources  of  Errob  —  Care  was  taken  to  guard 
against  all  known  source-  for  systematic  error  such  as 
those  due  to  changes  in  the  position  of  the  plat"  in  the 
machine  or  to  changes  of  temperature.  The  measure- 
ments of  two  sharply  defined  specks  on  the  plate  were 
found  to  indicat  -  very  closely  (he  thermal  state  of  the 
machine. 

Solution  —  After  the  measured  coordinates  were 
combined  and  corrected  for  "runs"  and  division  errors 
of  the  scale,  they  were  entered  into  a  least  square 
solution  and  the  six  plate-constants  thus  deduced, 
when  substituted  hack  in  the  equations  of  condition, 
gave  residuals  which  are  taken  to  he  the  individual 
proper-motions  referred  to  the  mean  of  the  stars. 
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Results  —  The  columns  of  the  table  headed  m,  and 

p,  are  the  annual  proper-motion  in  right  ascension  and 
declination  reduced  to  seconds  of  arc.  Column  one 
gives  the  number  assigned  to  the  star  in  this  investi- 
gation; column  two,  the  approximate  diameters: 
columns  three  and  four  the  measured  x  and 
ordinates  for  the  recent  epoch  in  units  of  a  quarter- 
millimeter  rounded  off  to  the  nearest  whole  number. 

A  list  of  the  -I   /■'.  !>■  stars  which  are  within  a  radius 
of  1")'  from  the  center  of  the  cluster  is  also  app 
together  with   tin    corresponding  ssrial   numbers   and 
ns  taken  from  the  A.  B.  ca 


The  center  of  the  cluster  as  determined  from  the 
mean  of  the  x  and  y  coordinates  of  2(11)  stars  and 
located  with  reference  to  three  of  the  brighter  stars 
is  a    lh  40'",   5  60°  47'   i  l!Mtii. 

The  present  investigation  is  the  Oasis  of  a  thesis 
submitted  at  the  University  of  Chicago  for  the  degree 
of  Master  of  Science.  It  is  tiie  writer's  intention  to 
publish  a  more  complete  discussion  oi  these  results  in 
the  neaf  future  in  which  it  is  hoped  to  give  the  n 
tu.de  of  the  stars  and.  if  possible,  the  proper-motion  of 
the  cluster  as  a  whole  as  well  as  preferential  motion 
within  the  cluster. 
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OBSERVATIONS  OF   VARIABLE   STARS, 

By  WILLIAM   DOBERCK. 
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Y  Persei:  The  ll.C.  comparison  stars  were  used. 
The  value  of  the  step  is  0.09  mag.  Maximum  (8.2) 
occurred    a1     2421971.     The    period    is    248.8    days. 


Minimum   (9.5)   occurred  al    2421864    (142  days  alter 
maximum. I     The  formula  is: 
Mas.  =  8.92  -  0.G7  sin  (a;  +  77°) 

-  0.10  sin  (2a;  +  114°)  +  0.03  sin  (3a:  +   15 
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B  =  < 

9.5 

1188 

6  33  ,v2c 

s.o 

1625 

e3»  2/ 

0.7 

1001 

6  2 !  L,  b  2  c 

s.o 

0(125 

9.3 

1206 

2  b 

8.3 

1633 

el  b2> 

9.6 

1007 

,■  2  b  ::  d 

9.2 

0745 

W  1  a 

8.0 

1207 

a  2  B  1  b 

8.4 

Kill 

d  2  /■  3  < 

9.3 

1935 

a  1  B 

8.2 

0760 

b  2  w  6  c 

8.7 

1223 

a  1  v 

8.2 

L643 

c  2  b  2  e 

9.3 

1051 

B  1  0 

8.0 

077."") 

a  2  b  2  6 

8.3 

1275 

b  5  b  3  d 

9.0 

1654 

/3-H  b  1  !  \g 

10.0 

1001 

a  I  !  \v2Y2b 

8.2 

0784 

b  2  b  3  c 

8.8 

1291 

6  :;  b  =  d 

9.2 

1661 

b  3  B  -1  c 

8.8 

1070 

a  2Y2  v   1  b 

8.4 

0791 

b  3  /■  5  c 

8.8 

1307 

e3v]  f 

9.7 

1662 

6  4  b  3  c 

8.8 

10N1 

r   1  a 

8.0 

0801 

b3;  ::'_■ 

:  8.8 

1313 

e2vZf 

9.6 

1674 

b  3  »  3  c 

s.s 

L997 

b  1  B 

8.6 

0887 

,  :;  v  2  ; 

0.7 

1492 

alv2b 

S.2 

1683 

b  l  b 

8.6 

1998 

B  1  6 

8.4 

0899 

e  2  d4/ 

9.6 

1501 

aiy>v  2'  ■/- 

8.2 

1689 

v  y2  b 

8.5 

1999 

6  1  B 

8.6 

0924 

e  2r4/ 

9.6 

1508 

b  '  ,  B 

8.6 

1711 

v  1  b 

S.4 

2001 

o  2  /  1  6 

8.4 

0952 

r  =  b 

8.5 

1520 

b  3  b  7  c 

8.7 

0959 

a  3  B  2  b 

8.3 

1532 

b  I!  b  3  c 

s.s 

X  Aurigoe:  The  B.C.  comparison  stars  wen-  ussd 
and  also  c'(A.  S.  V.  5)8.71  and  d'(A.  S.  V.  0)9.08, 
which  \\<ic  compared  here.  The  value  of  the  step  is 
(1.005  mag.  .Maxima  occurred  at  1010?(8.0),  1335 
(8.1),  1075(8.4).  and  1990(8.4).  The  shape  of  the 
Light  curve  is  very  variable.     Some  maxima  are  sharp 

,  ;5)   others   flal    i  1675  and    L990).     The  Halter  the 


maximum  the  less  the  brightness.  The  formula  is 
2421666+  163.6  E  (8.3).  Minimum  (12.0)  occurred 
aboul  95  days  after  maximum  bu1  it  has  not  been  well 
observed.     The  formula  is: 

Mag.  =  0.07  -  1.00  sm  (x  +74°) 

+  0.28  sm  (2a;  +  38°)  +  0.00  sin  (3a;    I    39 
-  0.07  sin  (4a;    I    27  I  -  0.03  cos  6a; 


0509  c5w4c'  8.6 

0577  IZvZm  11.7 

0618  v  =  n  12.4 

0025  I5v  U.9 


0901  r  =  I  1  1.4 

0952  k  1  b5Z  11.2 

0969  d'Gv2g  10.0 

0983  d2v  o.l 


0984 

8.9 

1003 

b  2  6 

8.1 

0002 

c  2  v  2  c' 

8.6 

1190 

c  1  b  3  d 

8.6 

0999 

v  3  c 

8.2 

1192 

V   =  c 

8.5 

1002 

b3  6 

8.0 

I2S0 

A:4  b  1  / 

11.4 
(121) 

122 
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1306  dlvbg  9.7 

1316  c'2v2d  8.8 

L328  a  5  i  2  6  8.0 

1339  b  =  6  8.2 

L342  *5v3b  8.0 

1350  c  3  v  3  d  8.7 

L355  c3t>2d  8.7 

1357  6  3  v  1  c  8.5 

1532  c'  5  b  2  d'  9.2 

1540  b  1  !  _.  (/  10.2 

1621  12  i  11.6 

1633  10.2 


Iti4d  d2Y2vbg  9.4 

Ki41  ./ 2 /M  </'  9.0 

1643  d  I1...  b  9.0 

1660  c  =  »  2  c  8.5 

1662  b  =  d  8.9 

1671  c  1  b  5  d  8.6 

1673  v\y2c  S.4 

1(175  b  1  c  8.4 

1683  6  3  b  2  c  8.4 

1689  6  1  b  2  c  8.4 

L702  clv3d  8.6 

171(1  c5v2d  8.8 


17K1 

e  3  b  3  g 

9.7 

1722 

v  1  g 

10.3 

1723 

g  2  v  4  h 

10.4 

1727 

1,   2  B    =   k 

10.9 

1729 

v  1  /■ 

11.1 

1730 

h  3  b  1  /,• 

11.0 

1951 

B   1  f 

10.0 

1961 

B  4  g 

10.0 

1970 

il  2  B 

9.1 

1975 

c  2  b  2  d 

s.7 

1976 

b  =  d 

s  9 

L981 

B    =    (' 

8.5 

1985 

b2c 

8.3 

1997 

c  1  V 

8.6 

1998 

b  3  b  2  c 

S.4 

1999 

6  3c  1  !  ■  c 

8.4 

2001 

6  4  b  2  c 

8.4 

2019 

y   =   C 

S.5 

2020 

C  2  B 

8.7 

.'024 

(■21-,  B6d 

8.6 

2057 

//  3  b  !  -,  /,■ 

11.1 

2058 

k  \y%vz\ 

11.3 

2070 

V  =  l 

1  1.5 

}'    Monocerolis:    The    II.  ('.    comparison   stars   were     mum 
used.     The  step  was  assumed  to  be  0.1   mag.     Maxi-     days. 


9.1     occurred  a1  2421975.     The  period  is  229.4 


0538  I:  3  v  =  o  12.0 

0562  B2g  10.4 

0569  f2v2g  10.2 

0602  c4  r  1  e  9.2 

(Kill  c3v4d  8.8 

1900  ;  3  v  3  /,■  11.3 


0924  w  =  m  L2.3 

1258  d"2B  9.4 

1286  -  2  b  5/  9.5 

1306  e  1  b4/  9.5 

1328        'J  ;'  10.4 

1677  /3  c  12.3 


1683  i   \.y2  k  11.6 

1689  //2  c  4/.-  11.1 

1710  v  =   Viie,  +  g)  lo.o 

17K1  /   =  /  0.7 

I960  -  3     3  l  9.6 


1967  //  3  c  2  /  9.3 

1975  -•  1  /■  s.7 

1981  d  2  b  2  /  9.3 

1985  '/3  c  lc  9.4 

1997  b  =  e  9.4 


1"  Cancri:  The  H.  C.  comparison  stars  were  used 
including  e'(A.  S.  V.  4)  8. 15.  The  value  of  t he  step  is 
0.075  mag.  Maximum  (7.6)  occurred  at  2421719. 
Minimum  (12.3)  occurred  at  2421321  (146  davs  after 


maximum).     The  period  is  272.2  days, 
is: 

9.77  -  2.30  sm  (x    '    81 
+  0.30  sin  (2z  +  19°)  -  0.06  cos  3a 

-  0.03  COS  lu- 


Pln'  formula 


053s  H.O 

0562  9.5 

0577  c  =  /  9.1 

0588  e'  3  8.4 

0593  s.4 

0602  e2i   1  /  s.i 

061  1  b4i  7.5 

(KiKi  e  1  v  1  e'  s.o 

0(125  d  3  i  3(  7.5 

ooio  v2\4e  7.(1 


0649  //  5  ,"  3  e  7.6 

0653  7.6 

0900  «  2  /  2  i  8.0 

0927  fir  8.2 

0931  /  2  /■  3/  8.0 

09  17  /,  1  b  3  '  s  8 

0959  /;  lie!/  9.0 

0905  /,  2  c  3  /  9.0 

0977  13  v  I  m  9.3 

0983  7i  3  b  2  //  9.5 


0991  n  3  c  5  o  9.9 

0992  //  1  b  3  o  10.0 
0999  -»::/:!/«  10.5 
1286  g  1  /  :!'  ■_.  s  11.4 
1310  s3v  =  t  12.3 
1328  c  =  /  12.3 
1342  /'  =  !._>'/  +  //i  12.5 
1661  13  v  I  in  9.3 
1671  //3c3/  9.0 
1673  //4  c  3/  9.0 


Ids:;  ,  '  3  b  1  h  8.7 

I  OS'. i  fi.,r  8.3 

1690  e'  2/./  1  v      8.3 

1702  /•  =  e  7.8 

1711  el  b4/  7.9 

1722  b3<  7.0 

1729  ,    I  /•  2,  '  7.9 

1957  /2c  1  h  8.6 

1960  e'lv  8.2 

I9S5  ,/:;,■  2.  7.5 


S   Hydrw:    The   H.('.   comparison  stars   wer2   used,  i  has   been   assumed   to   be   0.1    mag.      Maximum    (7.8) 
and  also  /'.l.  S.  V.  8)  7.7  compared  here.     The  step  |  occurred  at  2421355.     The  period  is  255.5  days. 


0577  /'  =  e  8.3 

0593  c'2v5i  7  9 

0(102  /•'  1  /■  7.s 

0611  </■">/  3,  8.1 

06 16  e3v3g  8.6 

0901  //  3  /  2  k  9.7 


0931  /// 3  /  3 //  10.8 

0947  c  =  o  11.5 

0949  o5v5q  11.9 

1310  g3v3h  9.2 

1328  c  =  e  8.2 

13:12  //3,1c  8.1 


1342  'd2v2e  8.0 

1355     c'  3  b  3  d  7.7 

1625     d4t>2e  8.1 

1640     e  I  /  8.3 

1643     /•  =  e  8.2 

1660     glv  9.0 


1(171  //  2/' 4//  9.1 

1677  /'  1  //  9.3 

1683  //  1  b  9.5 

1689  /  3  /■  5  ///  10.4 

I90O  /■  1  ///  10.6 
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T  Cancri:  The  H.  C.  comparison  stars  were  used 
hut  b  was  assumed  to  be  8.53,  and  e'  (A.  S.  V.  L4)  9.47 
from  comparisons  made  here.  The  value  of  I  he  step 
is  0.09.  Maximum  (8.35)  occurred  ai  2421007.  and 
minimum  (9.5)  at  2421983.     It  follows  286  days  after 


0952  d3v2e  9.1 

0965  d3v3t  9.0 

0984  v2g  9.5 

099 l  ,:;,:;,/  9.5 

0999  r  2  v  1  g  9.4 

1003  e2v  ]  g  9.5 

1012  v  =  g  9.6 

1275  f :4  y  3  b  8.5 

1310  c  1  v  1  6  8.6 

1328  c  1  /■  8.7 


0538 

v  =  e' 

9.5 

0562 

e'lv 

9.6 

0577 

d  1  v 

8.9 

0588 

v  2  e' 

0.3 

0602 

</  4  y  3  (  ' 

0.2 

0616 

b  7  y  3  e' 

0.2 

0638 

c  4  y  2  d 

8.7 

0(100 

,/  21-,  y  :;,  ' 

9.1 

093] 

V   1   ( 

0.2 

0041 

y  =  e 

0.3 

maximum.  I'm-  over  three  months  about  maximum 
the  magnitude  does  not  vary  more  than  a  step.  The 
period  is  47s  days.     The  formula  is: 


Mag. 

s.sl  -  0.57  . 

■in  (j-  + 

70°)  ^  o.i  i 

Mi,    (2x    |     HI 

1350 

ciy2vsy2d 

s.i; 

L683 

c  1  v  2  6 

S.O 

L377 

a  3  /•  3  b 

8.3 

10S0 

i1  =  b 

S.5 

L384 

b  1 J ,  v 

S.7 

1702 

b  1  y  2  c 

S.5 

1020 

1,  3  r  2  d 

s.7 

1711 

y  2  6 

s.l 

104  1 

a  1  y  2}4  b 

8.3 

1723 

y  1  6 

S.I 

1643 

r  2  b 

S.I 

1729 

y  2  b 

s.l 

105  1 

a  2  V  I)  i  b 

S.3 

1711 

o    1  y  2  b 

S.3 

1001 

a  3  V  3  6 

S.3 

1057 

y  1  d 

s.7 

107  1 

v  2  b 

S.3 

1000 

d  3  y  1 « 

0.1 

1077 

a  4  v  2  6 

8.3 

1075 

y   =  ,/ 

s.s 

10S5 

/'    =   € 

9.3 

It  Leonis  Minoris:  The  H.  < '.  comparison  stars  were 
used  and  also  p'(A.  S.  V.  15)  10.10  The  value  of  a 
step  is  0.087  a1    8.0  mag.     A   well  marked  maximum 


occurred  ai  2421000.  The  average  magnitude  at 
maximum  was  0.0.  Nijland's  elements  are  eon- 
firmed. 


0538 

<  6  v  2  g 

7.5 

0005 

y  1  k 

8.4 

1355 

///  t  v  1  n 

9.3 

0577 

g  0  i  5  /// 

8.4 

0968 

I,'   1    V 

8.6 

1375 

ji  2  v  2  o 

o.s 

0503 

v  3  /// 

8.8 

0077 

1:  3  /'  A  in 

8.7 

1025 

d  ■■',  v  1  e 

7.0 

0005 

in  3  r 

9.3 

0983 

1:  1  l  ■,  v  3  m 

s.7 

HMO 

v  1  '  •_. ,/ 

6.8 

0011 

///  2U  y  10  o 

0.2 

0002 

1;  -1  y  1   hi 

S.O 

1041 

<■   1  '  ■>  V    1  (/ 

7.3 

0010 

in  '■',  V 

9.3 

0000 

k  1  y  3  m 

S.O 

1050 

e  2  y  4  </ 

7.3 

0027 

in  3  y  2  // 

9.2 

1003 

in  -\  r  5  // 

0.2 

1001 

e  3  r  4  (/ 

7,1 

0643 

"   i  !  2  ' 

9.5 

1018 

in  3  y  2  /; 

0.2 

L674 

•  '-'  :/ 

7.5 

0055 

p'  3  v  3  ij 

10.3 

1275 

i  5  y  3  g 

7.5 

1077 

</  2  v  3  ft 

7.s 

0900 

t  2v  4  g 

7.3 

1310 

1;  1  y  5  /// 

s.O 

10S3 

y  =  f/ 

7.7 

0001 

c  5  r  3  g 

7.5 

1317 

/,•  =  y 

S.5 

1702 

/,■  1  y 

s.O 

093 1 

ij  1  y 

7.8 

1328 

///  '1  v  5  // 

0.1 

1716 

y  =  in 

S.O 

0911 

g  1  y  5  1; 

8.0 

1332 

///  2  r  3  // 

0.2 

1722 

in  2  y  2  ii 

0.2 

0047 

il  3  y   =  h 

8.1 

1350 

ii  3  y  3  o 

0.5 

1727 

v  1  /// 

0.0 

174h  ,n  3  y  I  u 

1057  hbv2k 

1000  //   I  r  4  /,■ 

1075  (2/1,/ 

10S5  y  I  d 

1997  y2^d 

1999  b  3  y  5  ,/ 

2001  y  1  d 

2020  e5'2/2f/ 

2024  e  5  y  2  j  L,  g 

2057  A-  2y2v3y2m 

2070  /;  2  y  1  /// 

2078  in  2  y  I  // 

2083  n2vZ-p 


0.3 

s.l 
S.2 
7.3 
O.S 

0.7 
o.:; 
6.8 


s.7 
8.9 
o.:; 
o.o 


V  Leonis:    The  H.  ('.  comparison  slars   were  used.  .  al  2121057. 
The    step    was    0.10    mag.     Maximum    (8.5)    occurred 


The  period  is  273.2  days. 


0577  b  1  rid  9.0 

0593  y  1  d  9.8 

0605  v  =  e  10.4 

0011  }2y2v  10.9 

0616  vZh  11.4 

0625  m  5  v  5  n  12.5 


0900  llv3n  12.1 

1625  e3v2f  10.5 

1640  b  2  v  3  c  0.1 

1641  bl«>  4  c  8.9 
1650  v  2  b  8.6 
1661  a5y2b  8.5 


1071  b  8.8 

1077  b3t>5c  0.1 

1683  b  4  y  2  c  0.3 

1689  e2r2rf  0.7 

1702  eiyvlf  10.5 

1710  /3y3j  11.0 


1722  g  2v  1  //  11.0 

1727  g  Ivlh  I  1.5 

1711  ii  :>>  r  12.0 

1075  /l^r  10.8 
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T  Canum  Venaticorum:  The  H.  C.  comparison  stars 
were  used.  The  value  of  the  step  is  0.066  mag.  at 
'.i'j.  and  0.156  at  11th  magnitude.  The  maximum 
(9.0)  occurred  at  2421275,  the  minimum  (12.6)  at 
2421163.  The  minimum  follows  178  days  after  maxi- 
mum. Compared  with  Parkhurst's  observations 
made  1898  -99  the  maximum  gives  289.5  and  the 
minimum  290.8  days  for  the  value  of  the  period. 
Their  mean  confirms  the  value  adopted  at  present. 
There  is  a  slight  kink  in  the  curve:    from  40  to  30  days 


before  maximum  the  increase  is  very  slight.  After 
maximum  the  magnitude  does  not  decrease  more  than 
a  step  during  about  35  days.  A  minute  change  in 
the  curve  near  maximum  would  therefore  perceptibly 
alter  the  epoch.     The  formula  is: 

Mag.   =   10.37  -  1.61  sin  t.r  +  59°) 

+  0.35  sin  (2.r  +  12°)  -  0.19  sin  (3a:  -   16°) 
-0.0!)  cos  4.r  -  0.03  cos  5.r 


0593 

v  3  // 

1 1.7 

0952 

v  3  d 

9.6 

1317 

6  4  v  5  d 

9.3 

1731 

/,'2 

12.0 

0596 

v  3  // 

11.7 

0965 

b  3  v  5  d 

9.3 

1336 

c  3  r  4  i  ■,  <l 

9.5 

1741 

h  3 

'  3  k 

12.4 

(Mil).-) 

v  =  f 

11.3 

01177 

a  2  V 

9.1 

1350 

dlv2e 

9.9 

1745 

/(  2! 

12.5 

0616 

<  .">  v  5/ 

10.7 

0983 

o. :;  v  2  b 

8.9 

1363 

e  2  v  4  / 

10.5 

1761 

h  1 

12.3 

0(i27 

e  3  /■::/ 

10.7 

0984 

a   1  V  10  d 

9.2 

1374 

d  2  e  3  e 

9.9 

1768 

h  2 

12.5 

0640 

«  3  /■ 

10.3 

0992 

b  4  /•  3  e 

9.6 

1388 

e5v  3/ 

10.8 

17S1 

/  3  i 

4  /< 

11.7 

or,;,:; 

v  3  ( 

9.8 

0999 

b  1  v  5  d 

9.3 

1391 

eZv3f 

10.7 

1784 

,  3  / 

3/ 

10.7 

0664 

V  4  i 

9.8 

1003 

a  3  V 

9.1 

1411 

/4r4(/ 

11.6 

1787 

e  4  i 

2/ 

10.9 

0679 

n  5  v  10  d 

9.2 

1012 

b  3  v  5  (1 

'.I.:; 

1412 

./•  1  V 

11.5 

1793 

e  1  i 

10.1 

0688 

V  1  a 

8.9 

1030 

h  3  v  4  c 

9.1 

1429 

v  =   i2(/+  g) 

11.6 

1812 

e2i 

10.2 

0694 

r  3  a 

s.7 

1030 

v  =  b 

S.9 

1641 

v  1  d 

9.7 

1S26 

<\2 

1 1  ■,  e 

9.9 

0707 

v2a 

s.s 

1049 

V  =  y2(a  +  d) 

0.4 

1654 

d  3  v  2  < 

9.0 

1827 

d2 

•3e 

9.9 

0711 

V  2  a 

s.s 

1064 

a  3  J  2  V  3  d 

9.4 

1661 

v  1  e 

10.0 

1843 

a  3 

i  2  ,/ 

9.5 

0721 

v  2  o 

s.s 

1074 

v  =  e 

10.0 

1671 

,  2^3/ 

10.5 

1856 

a2 

8.8 

0752 

a  5  V  3  '/ 

'.i.;, 

1075 

,1  3  v  3  e 

9.9 

1677 

e  2  r 

10.2 

1S62 

w23 

._,  ,/ 

9.7 

0760 

a    1    r 

9.0 

1080 

d  2  v  1  e 

10.(1 

1683 

e  :;  /•  3/ 

10.7 

1865 

vZi 

! 

9.6 

Midi 

f  1  v  3  g 

l  l.:. 

1083 

e2v 

10.2 

1690 

e  1  v 

10.1 

1873 

a  3  ( 

3d 

9.4 

0931 

v  =  d 

9.8 

1310 

b  2  v  5  d 

9.2 

1710 

f  1  v  3  g 

11.5 

1975 

e2\ 

2  4/ 

10.5 

1722 

v  H  h 

12.1 

1985 

f  ^  I 

4  9 

11.5 

Y  Ursm  Majoris:  The  comparison  stars  were: 
a  1  S.  V.  .".i  7.S7.  6(7)  s.22,  and  c(9)  8.72.  These  are 
II.  <  .  magnitudes.  The  value  of  the  step  is  0.082 
mag.     This  appears  to  be  an  irregularly  variable  star. 


If  Pracka's  elements  are  confirmed  the  maximum 
appears  at  present  to  occur  29  days  later  than  the 
calculated  epoch  but  this  is  very  uncertain. 


05  IS  a  1  V  7.05 

0506  a  1  v  7.95 

0649  air1,/,  8.18 

0061  6  2i>5c  8.36 

0670  v  =  b  s.22 

0694  Irlr  8.38 

0711  aZv2b  8.08 

0735  a  3  v  1  6  8.13 

0752  6  1  w4  c  8.32 

07S1  bZvZc  s.  17 


oooo  bZvZc 

0931  6  3  .w  3  c 

0947  6  3  v  4  c 

0979  6  2  c  4  c 

ooo2  6  :ir3c 

1012  b2vZy2c 

1040  /»5,2',r 

1053  /elr.'ir 

1071  6  2w3c 

1116  a.  2}4  v  2b 


8.47 

1  1 24 

6  2  v  3  c 

S.  12 

8.47 

1293 

/j  3  r  5  c 

8.40 

8.43 

1310 

6  3  f  5  c 

8.40 

8.39 

1388 

6  2  v  2  <• 

8.47 

8.47 

1626 

6  3  v  3  c 

8.47 

8.40 

1662 

a  iy2v2 

M6 

8.00 

8.55 

1675 

b  2  y  5  c 

8.36 

8.51 

I6S0 

v  =  6 

8.22 

s.42 

1710 

6  2v2c 

8.58 

S.06 

1730 

b  3  w  2  c 

8.52 

17  16  6  3t>2c  8.52 

1768  l>2ric  8.39 

1787  a3»16  8.13 

L793  a  lw  3  6  7.96 

1706  a2r36  8.01 

1826  a  3  v  2  6  s.os 

IS62  6  2»  8.38 

1873  6  2  v  8.38 

1957  v  =  a  7.87 

1975  6  2  !>  8.38 


A'  <  a  a  a  in  Venaticorum:   The  H.  C.  comparison  stars 

Were  used  and  also  r;'(.l..S'.  1'.  1)7.91,  whose  magni- 
tude was  determined  by  10  comparisons  with  the 
\  ariable  star.     The  value  of  a  step  is  0.080  at  8.0  mag. 


and  0.128  at  10.0  The  observations  made  before 
2421194  indicate  a  minimum  (11.1)  at  2420726,  and  a 
maximum  (7.8)  at  2421189.     The  formula  is: 


N°-  760 


THE     AST  RON  0 M  I  CA  L     JO  U  R  N   \  I 


125 


Mag.  =  9.26  -  1.51  sin(z  +  74°) 
+  0.27  sin  (2x  +  17°)  -  0.09 
-  0.08  sin  (4.r  +  67°) 


an  3.r 


The  observations,  made  after  2421310  indicate  a 
minimum  (11.5)  at  2421700.  and  a  maximum  (7.5)  at 
2421865.     The  formula  is: 


Mag.       9,1  I        1.72  sin  (x 

+  0.18  sin  {2x  4    137  i       0.25  sin  (3z  4-  79°) 
+  0.0s  sin  i  1,        15°) 

.Maxima  may  be  expected  at  2121527  4-  325  E. 
The  minimum  occurred  on  an  average  17  1  days  after 
maximum.  Both  curves  show  a  kink  before  the 
maximum,  when  the  increase  in  brightness  was  checked 
(between  the  70th  and  45th  days  before  maximum 


0577 

a'  4  V 

8.2 

0992 

ii   3  v  5  p 

10.0 

L336 

V    =  p 

10.4 

I7IU 

V    =    ill 

9.6 

05!  Hi 

v  =  y2(a'   +  A') 

8.5 

1000 

a  3  y  3  p 

10.3 

1357 

A   1  y 

1  1.5 

1768 

1:   2  V   1  '  2  n 

9.3 

0605 

y  3  k 

8.8 

1012 

n  2  y  2  p 

10.3 

L384 

p   l  >■:-',  .1 

L1.0 

1777 

V   1  !  ,  k 

9.0 

0616 

v  3  k 

8.8 

1031 

p  3  v 

10.8 

1388 

.  1  2  y  3  r 

11.5 

1784 

i,  iy2vi} ,  k 

!U 

0627 

v2k 

8.9 

1070 

a  4  y  2  p 

10.4 

1411 

p  1  '  i  V 

10.6 

L793 

Ii   3  v  2  k 

9.0 

0653 

k  3  »  2  n 

9.5 

1080 

a  5  y  3  /< 

10.3 

l  129 

,i  2  v 

10.1 

1  S  1  2 

V  2  k 

8.9 

0664 

a   1  v  2  o 

9.9 

1096 

o  2  y  -1  p 

10.3 

1641 

V   =   o 

10.2 

L826 

e2v5f 

8.2 

0679 

V    =  p 

10.4 

1113 

y  =  k 

9.1 

L654 

p  2  v 

10.7 

1827 

,   5  v  3/ 

8.3 

0694 

p  2  v 

10.7 

1116 

V  2  /,■ 

S.9 

1661 

p    I  V 

10.9 

1  S2S 

'  3  /'2/ 

8.3 

0711 

p  6  v  4  A 

11.0 

1126 

y  5  /,■ 

S.6 

1671 

P  1  v3  A 

10.7 

IS  13 

v  3  , 

7.9 

0723 

P  3  v  4  .4 

10.8 

•1 1 32 

y  1  h 

8.8 

16S6 

v  =  A 

1  1.4 

is  17 

d  i  y2  v  2 1 2  >■ 

7.9 

0752 

.1  2v 

11.6 

1  149 

V    =    '.,(r  +  k) 

8.6 

1702 

A  2v 

1  1.6 

1862 

b  3  v  3  d 

7.5 

0901 

a    4  y 

8.2 

1163 

a'  4  r 

S.2 

1710 

P  3  r-2  A 

1  1.0 

1865 

b  4  v  2 !  2  '1 

7.5 

0931 

a'  6  v  4  k 

8.6 

1168 

v2a' 

7.S 

1722 

P  3  /'  2  .1 

1  1.0 

IS73 

b  2  v  3  c 

7.3 

0947 

a'  9  a  2  k 

8.9 

1 1 70 

o '  2  y 

s.l 

1731 

a  :\  r   1  '  2  /) 

10. 1 

1SS0 

e  2  y 

8.3 

0965 

k  2  ti  5  m 

9.3 

1  190 

V  3  a' 

7.7 

1713 

"  1  '  2  W  3  !  2  p 

10.2 

1005 

a'  5  i'  5/ 

8.2 

0968 

/,■  2  y  4  m 

9.3 

1194 

V   1  «' 

7.8 

17-14 

0  !  2  V 

10.2 

L906 

»  2  ;, 

S.l 

0979 

v  1  m 

9.5 

1310 

V    =    j. 

10.4 

1715 

ii  3  /'  3  p 

10.3 

1907 

;/  2  ii  3  /  > 

8.9 

0983 

M  =  V 

9.6 

1317 

o  2  v   1  p 

10.3 

1760 

/,•  3  v  1  // 

9.6 

1913 

f  1  v 

8.6 

T  Sagittce:    This  is  now  an   irregular  variable  star. 
There  is  no  trace  of  periodicity  left.     The  H.  ('.  com- 


parison stars  were  used.      The  value  of  a  stepis().()7  mag. 


0344 

c  2  v  2  e 

9.04 

0708 

./'  Iv4\g 

9.43 

1475 

1,  1  v  3  d 

S.76 

1767 

d  2  v  1  e 

9.19 

0352 

v   =  c 

.28 

0716 

e  2  v 

.42 

1  176 

b  2  v  2  d 

.84 

1777 

d  1  r  2  e 

9.10 

0364 

v  =  e 

.28 

0725 

j:\r   1,, 

.5  1 

1484 

b  2  v  4  (1 

.70 

1781 

»  1  d 

8.94 

0375 

e  1  v  =  f 

.34 

0735 

/  1  v  5  g 

.41 

1492 

b  5  v  3  d 

.89 

1784 

d  3  »  2  e 

9.17 

0395 

eiy2v2f 

.30 

0741 

f  3  v  3  a 

.57 

1501 

Ii  5  v  3  d 

s.so 

1703 

v   1  d 

8.94 

0300 

e  2  v  1  / 

.31 

0742 

f2v 

,17 

1507 

i/2r3  e 

9.12 

1 796 

w  2  d 

8.87 

0401 

e  1  v  3  g 

.41 

0753 

f2V.ii, 

.52 

1517 

d  2  v  1  e 

.19 

1 8 1 2 

d  1  '  ,  ;■  1  i  g  e 

9.1  1 

0403 

i   Ivlf 

.30 

0791 

,1  3  v  1  e 

.21 

1520 

V  2, 

9.1  1 

1824 

6  3  /'  2  d 

s.ss 

0424 

v   1  c 

.21 

0801 

elv2f 

.30 

1525 

6  4  o  2  d 

8.90 

IS26 

h  3  w  1  d 

.93 

0438 

v  =  e 

.28 

0807 

e  1  v 

.35 

1  527 

y  2  e 

9.14 

1830 

b  2  y  3  d 

,S| 

0452 

vie 

.21 

1348 

v  3  e 

.07 

1 532 

-/  \y2  v3  i 

.10 

1  S3S 

y  2  d 

.87 

0485 

e  1  v 

.38 

L357 

<■   1  V  3  / 

.29 

L539 

,1  3  v  2  e 

9. 1 7 

1S44 

6  3  y  2  d 

.88 

0507 

e  4  r  4  g 

.55 

1363 

d  1  v  3  e 

.08 

1547 

b  5  v  3  d 

8.89 

1S56 

6  3  y3d 

.85 

0653 

d  3  v  3  e 

.15 

13S4 

e  1  v  1  / 

.30 

1565 

d  1  v  2  e 

9.10 

1 864 

v  2  d 

S.S7 

0664 

J  2  r  3  e 

.12 

1391 

!»  =  e 

.28 

1576 

d  2  v  1M  e 

.15 

1867 

y2^e 

9.10 

0679 

d  =  v 

.01 

1411 

v  =  e 

.28 

1586 

e2»2/ 

.30 

IS73 

y  1  d 

8.94 

0691 

v  =  e 

.28 

1429 

v  1  e 

.21 

1727 

d  2  r  1  e 

.19 

1874 

y  =  e 

9.28 

0699 

vie 

.21 

1450 

v2e 

.14 

1746 

y  =  e 

.28 

1875 

v2e 

9.14 
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V  Corona  Borealis:  The  magnitudes  <>f  the  com- 
parison stars  were  estimated  as  follows:  A(15h  32m30s, 
-toil'',  1900)6.90,  B(15h40m265,  39°  58')  7.39, 
*(A.S.  V.  2)  7.73,  6(3)8.06,  c(6)  8.70,  d(9)  9.24,  and 
e(12)  9.70.  The  value  of  the  step  was  0.057  at  7.0 
mag.,  0.084  a1  8.0,  and  0.125  at  9.0.  The  maximum 
(7.15)    occurred   at    2421562,   the   minimum    (9.05)   at 


2421768;      206    days     after    maximum.      The    formula 


Mag.  =  7.97  -  0.88  sin  (x  +  65°) 
+  0.17  sin  2x  -  0.02  eos  3x 
+  0.02  sin  {Ax  +  63°) 


0596 

v2b 

7.9 

1031 

c  3  v  3  d 

9.0 

1  ISO 

6  5  y  3  c 

8.5 

1700 

b  2  v  4  c 

8.4 

0617 

b  2  v  5  c 

8.2 

1053 

c  2  v  3  d 

8.9 

1493 

y  1  6 

8.0 

1767 

h  5  v  2  c 

8.5 

0627 

b  3  v  3  c 

S.4 

1064 

c  5  y  3  <i 

9.0 

1503 

alv2Y2b 

7.8 

1781 

b  2  v  4  c 

8.3 

0653 

c  2  v  2  d 

9.0 

1074 

y  2  d 

9.0 

1517 

y3  a 

7.6 

17S7 

ft  5  y  2  c 

8.5 

0664 

cZv  2d 

9.0 

1096 

a  :;  y  3  d 

8.5 

1527 

B  2  v  4  a 

7.5 

1793 

ft  5  y  3  c 

8.5 

0679 

d  2  v 

9.5 

1120 

ft  '_'  y  :,  c 

8.2 

1537 

.1  .i  r  4  o 

7.4 

1812 

ft  2  /f.lor 

8.2 

0699 

v  =  d 

9.2 

1 1 33 

6  2  y 

8.2 

1537 

y  1  73 
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1824 

ft  =  y 
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072.'! 
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9.0 

1158 
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1540 
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7.9 

074  2 
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7.5 

1547 
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1S43 
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7.9 
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ft  2  y  3  d 

8.5 

1190 

»4  a 
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1565 

.1  3  vbB 

7.1 

1856 

y  2  a 

7.0 

0791 

6  2  y 

8.2 

1311 

y.3  6 
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1506 

A  5  t>  4  £ 
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lsc,2 

B  2  y  3  a 

7.5 

0801 

y  1  6 

8.0 

1339 

6  3  v  3  d 

8.6 

1576 

.1  3j>2B 

7.2 

1S05 

B  I',r4a 

7.5 

0931 

a  3  y  3  & 

7.9 

1342 

i)  =  6 

S.l 

104  1 

y  2  a 

7.0 

1873 

.1  hv2y2B 

7.2 

0952 

v  3  6 

7.8 

1363 

y   =  c 

8.7 

1671 

a  2  y  3  6 

7.9 

1880 

A   7  r.i  B 
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0965 

&  2  y 

8.2 

1377 

c  2  y  3  d 

8.9 

1686 

a  2  y  3  ft 

7.9 
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.1   3  r  r,  B 
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0969 

6  2  y 

8.2 

1391 

c  3  v  1  d 

9.1 

1702 
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c  2  i>  2  d 

9.0 

1710 

y  =  ft 
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c  3  y  i'  d 

9.0 

1722 

ft  1  !) 
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1474 
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1731 
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7.3 
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c  1  y  3  d 
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6  4  «  4  c 

S.4 

1744 
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S.3 
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7.6 

OBSERVATIONS   OF   COMET   1918  d   (SCHORR), 

MADE   una  THE  26-INCH   EQUATORIAL  OF  THE  U.  S.   NAVAL  OBSERVATORY, 

By  II.  E.  BURTON. 
[Communicated  by   Rear  Admiral  J.  A.   Hoogewerpf,   1".  S.   Navy,  Superintendent  | 


Date        V\  .  M.  T, 

Comp. 

&/ —  *                     App.  a 

App.  S 

Log /-J          App.Pl.Red.of* 

S.  eing 

1918                     li       in      a 

Nov.  29  1  1  45  26 

30  10  12  29 

Dec.     2  11  56  54 

t    30  ,     6 
t    50  .   10 
d  10  ,  10 

+  144.43  -4     1.2 
+  1  11.03  -2     1.4 
-0  10.88  +3  18.3 

4  7  37.03 
4  7    4.23 
4  5  42.34 

+  11  47  47.4 
+  11  49  17.2 
+  11  55  '  6.7 

9.539    0.648 
8.985?2  0.603 
8.865    0.690 

+  5.44  +12.7 
+  5.44  +12.7 
+  5.46  +12.5 

vp 

p 
p 

comparisons,  t  signifies  measures  were  made  by  transits;  d,  made  with  driving  clock  running. 
Seeing:  p  =  p ',  vp  =  very  poor 

Mean  Place  of  Comparison  Star  lor  1918.0. 

a  S  Authority 

I   .-,17.70  +11   51   35.9  A.  G.  Leipzig  I.     1221 

Notes 
Nov.  29.     Cornel  very  faint.     Not  visible  in  5-inch  finder.     Delayed  by  clouds.     Poor  observation. 
30.     ( 'omet  faint.     Nebulous. 
itan,  D  C,  July   -",,  1919 
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OBSERVATIONS   OF    WOLF'S    PERIODIC   COMET, 

MAD]      WITH    THE    26-INCH    EQ1    Vl'olu  \l.    OF    THE    0.  S.  NAVA1     OBSERVATORY, 

Bi   II.  E.  BURTON. 
[Communicated  by   Rear   Admiral  .1.  A.   Hoogewerpf,   l".  S.   Navy,  Superintendent.] 


Date     Wash.  M.T. 

* 

( !omp. 

J  a 

j8 

App.  a 

>■ 

Log. 

,' 

Red.  to  Vpp.  PI. 

See'g 

July    15 

ll          111          3 

12  13  21 

1 

40 

8 

+  1     IS.'.).", 

-0  40,1 

h       in       s 

20  31  50.51 

+  25  32  5|.o 

0.001/ 

0.3]  1 

I  ::  75    |  12.0 

g 

Aug.     2  13  40  18 

2 

30 

6 

-2  15.73 

-3  15.5 

20  10     5.25 

+  20  18     l.s 

9.426 

0.356 

+  3.91   +17.5 

f 

5  10  87  11 

3 

30 

6 

+  1  20.01 

+  0  54.5 

20  10,   IS.  11 

+  20   15  10.0 

s  99b 

0.271 

+  3.91  +18.1 

g 

13 

11  44    4 

4 

25 

5 

4  1  59.1  1 

-0  27.7 

20  10  37.35 

+  20  13  51.7 

9.125 

0.303 

|  3.87       10.7 

f 

16  12  29  29 

5 

30 

Hi 

+  0  36.22 

-  1     7.3 

20    8  29.41 

+  25  52  50.0 

0.105 

0.372 

1  3.86  +20.5 

f 

Sept.  25 

8  59  26 

(i 

15 

3 

+  5  20.20 

+  0     1.2 

20    7    3.98 

+  15  10  20.1 

9.146 

0.554 

3  56  +24.4 

f 

27 

8  58  l'.» 

7 

25 

5 

+  2  42.13 

+  3  50.0 

20    8  11.81 

+  14  34     9.6 

0.174 

0.500 

i  3.58    |  24.6 

f 

28 

8  32    5 

8 

30 

6 

-1   12.90 

-  1  30.4 

20    9  33.77 

+  14  13  is. 7 

9.014 

0.507 

1  3.60  +24.9 

f 

Oct.      1 

10  19  37 

9 

10 

2 

-5     5.9  1 

-2    2.6 

20  12  32.32 

+  13    s    o.l 

9,195 

0.023 

|  3.6]     l  25.1 

f 

2 

9  39  34 

10 

25 

5 

+  1     7.74 

{2  17.2 

20  13  33.62 

+  12  47  17.2 

0.101 

0.01  1 

I  3.56  +24.7 

f 

9 

9  27  29 

11 

25 

5 

-6  37.02 

s  39.1 

20  22    5.85 

+  10   10    151 

0,117 

0.643 

+  3.58  +25.5 

i 

23 

8  13  40 

12 

30 

6 

4-0  50.07 

+  0     1.5 

20  1  1    14.82 

+    5   12  40.1 

9.209 

O.0S5 

+  3.54   +25.2 

f 

31 

7  54  59 

13 

'.".I 

(i 

+  2  41.00 

-5     0.7 

21     0  39.37 

+  3  22    2.:; 

0.25  1 

0.709 

■  3.53    (-25.0 

p 

Nov.     4 

9  3 1  4(3 

14 

24 

5 

+  o  17. so 

-2    0.9 

21     0  2s.os 

+   2  10  44.0 

9.539 

0.720 

1  3.54  +25.2 

p 

6 

8    0  2:-! 

15 

30 

10 

-  1    14.50 

4-2  24.2 

21   13  40.17 

lr    1   17  is.;; 

9.318 

0.725 

3.57  +25.4 

f 

22 

8  16  59 

16 

30 

6 

+  1     3.78 

+  0  52.8 

21   52  5  1.01 

L  31  20.1 

9.442 

0.751 

-1  3.61     |  25.1 

p 

23 

8  16  50 

17 

8 

8 

+  0  18.10 

+  4  50.:; 

21  r>:,  30.36 

-    1    11      l.s 

0.1  15 

(1.752 

■  3.64  +25.5 

p 

26 

S  16  47 

18 

30 

6 

-4-1    10.35 

-7  13.4 

22    3  22.5;; 

-    2     S     9.7 

0.45  1 

0.750 

+3.62    i  25.1 

p 

29 

7  30  45 

19 

8 

8 

+  o  23.43 

1  32.6 

22  11  10.2:; 

-   2  32    8.3 

9.33J 

0.700 

1  3.63  +25.4 

p 

Dec.     5 

8  44  10 

20 

25 

5 

+  5  .",0.72 

22  27   10.0.-; 

-    3  12  13.5 

0.5:;:; 

0.750 

+  3.04  +25.2 

i' 

18 

6  51  34 

21 

25 

5 

-3    2.53 

-  3  31.4 

2:;    3  36.10 

-   4    0  39.8 

9.267 

0.772 

+  3.75  +25.1 

f 

1.1.        26 

6  46  48 

22 

25 

5 

+  0  54.26 

-5  11.7 

23  20    6.93 

-   4    7  38.3 

0.2S1 

0.773 

+  3.71   +2+5 

i> 

Feb.    19 

7  12  55 

23 

25 

5 

-2  24.14 

i  2  5  1.2 

1  57    o.io 

-   0    0  57.6 

9.575 

0.740 

+  0,86  -   0.2 

p 

Mar.     1 

8    4  48 

24 

25 

5 

-1   14.40 

-1     5.5 

2  22  50.1  1 

+    1     0  13.0 

0.015 

0.736 

+  0.88  -   0.8 

f 

3 

7  40  36 

25 

25 

5 

-  0  11. so 

0  52.4 

2  28    4.54 

+   1  10  is.s 

9.593 

0.734 

+  0.87         l.o 

f 

All  comparisons  were 
'  ■•  i.i"     g  =  good,  f  - 


made  by 
=  fair,  |>  = 


transits  except  on  Nov.  '-':!  and  Nov.  29,  when  driving  clock  was  used. 
=  poor. 


Mean  Places  of  Comparison  Slurs  for  the  Beginning  of  the   Year. 


* 

a 

8 

Authority 

* 

" 

8 

Authority 

1 

h        in         s 

20  30    6.81 

+  25  33  10.7 

.1 .','.  (  n in.  (  Engl.  I 

11471 

1  1 

h     mi       s 

21    8  36.68 

+   2  18  19.7 

A.G. 

A  II a  in  a 

7429 

2 

20  21  17.07 

+  26  50  59.8 

A.G.Cam.  {Engl.) 

I  1201 

15 

21  15    0.10 

+   141  28.7 

A.G. 

Albany 

7108 

3 

20  15  24.49 

+  26  44    4.0 

A.G.Cam.  (Engl.) 

1  1 1 22 

16 

21   18  47.55 

-    1  32  38.6 

A.G. 

\  i:  ::ln  i    ir 

5526 

4 

20    8  34.34 

+  26  13  50.7 

A.G.Cam.  (Engl.)  10981 

17 

21  55    S.02 

-    1  40  23.6 

A.G. 

i  r  2  St 

i  1    Vicolajew 

5543      1 

5 

20    7  49.33 

+  25  53  46.4 

A.G.  Cam.  (Engl.)  10962 

18 

22     1  38.50 

-   2    1  21.7 

A.G. 

Straszburg 

7700 

6 

20    1  40.22 

+  15  15  54.5 

j    i  ■       i|  Berlin  A 
•i  ■' '  ■    :;  1  Leipzig  I 

7690      J 

19 

22  10  49.17 

-    2  28     1.1 

A.G. 

Straszburg 

7749 

7 

20    5  56.13 

+  14  20  15.1 

A .','.  Leipzig  I 

7747 

20 

22  22    0.29 

-   3  12  13.8 

A.G. 

Straszburg 

7801 

8 

20  10  43.13 

+  14  14  24.2 

A.G.  Leipzig  I 

7803 

21 

23    6  34.88 

-   3  57  33.5 

A.G. 

Straszburg 

7980 

9 

20  17  3  1.05 

+  13    9  37.9 

A.G.  Leipzig  I 

7870 

22 

23  25    8.93 

-   4    2  51.1 

A.G. 

Straszburg 

8000 

10 

20  12  22.32 

+  12  44    5.3 

A  .G.  I.i  ipzig  1 

7819 

23 

1  59  23.38 

-   0    :;  18.6 

A.G. 

Nicolajew 

II  1 

11 

20  28  39.2.9 

+  10  27  58.7 

A.G.  Leipzig  I 

7983 

24 

2  24  12.66 

+    1    7  19.3 

A.G. 

Nicolajew 

496 

12 

20  43  44.61 

+   5  42  22.7 

A  ,G.  Leipzig  II 

10357 

25 

2  28  48.47 

+   1  18  27.4 

A.G. 

i   1  Nicolajew 
2  I  Altanv 

519+  1 
712      J 

13 

20  57  5  LSI 

+   3  26  38.0 

A.G.  Albany 

7309 
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Notes 


July    15.     Comet  very  faint;    about   15th  mag.     Neb- 
ulous. 
Aug.     2.     Comet  v.  faint.     Nebulous. 

5.     ( 'nmrt  faint. 
Sept.  25.     Comparison  star  has  faint    companion  star 
fol.     Stopped  by  thin  clouds. 
28.     Haze  at  times. 
Oct.      I.     Stopped  by  clouds. 

9.     Comet  seems  to  he  barely  visible  in  5-inch 
finder. 
23.     Visible    in    5-inch    finder.     Seems    to    have 

faint    tail   at    position  angle  about    7(1  . 
31.      Visible  in  5-inch  finder.      Haze. 
Nov.     4.     Barely  visible  in  5-in?h  finder. 


Dec.    18.     Visible  in  5-inch  finder.      Moonlight. 
Feb.    19.     Could  not  see  comet  in  5-inch  finder. 
Mar.     1.     Cornel  faint.     Haze.     Poor  observation. 
3.     Comet  faint.     Poor  observation. 

An  observation  was  begun  on  Mar.  18,  1919,  but  on 
account  of  poor  seeing  and  the  faintness  of  the  comet 
it  was  discontinued  after  9  measures  of  Aa  and  2  of 
A6  were  made.  No  further  attempts  to  observe  the 
comet  were  made  after  this  date. 

The  ephemeris  by  M.  Kamensky  in  the  Astronomical 
Jour/ml  I  Xos.  738  and  746)  was  used  in  followins  the 
comet . 

Washington,  D.  C,  July  a,  1919. 


1919   EPHEMERIS   OF    (536)    MERAPI, 

H\    ERNEST   CLARE    Bow  EB 
[Communicated  by  Rear  Admiral  J.  A.  Hooge-werff.  U.S.  Navy,  Superintendent] 


The    following  ephemeris  is  derived    from  elements 
in  C.T.  1915.     Opposition  magnitude  is  11.3. 


logp 


G.  M.  T. 

,„. 

Km 

l'jr.i 

ii 

M, 

0 

Sept.  17.5 

_> 

12.5 

5.4 

-6  26 

27.:. 

■_> 

7.1 

6  50 

Oct.      5.5 

2 

0.0 

8.0 

7     9 

15.5 

1 

52.0 

s.l 

7  18 

25.5 

1 

43.6 

7.9 

7   14 

(0.502) 
0.356 
0.349 
0.347 
0.351 


G.  A 

,T. 

Nov. 

6.5 

L6.5 

26.5 

Dec. 

6.5 

16.5 

1   35.7 


29.1 


I    24.2 


1  21.3 


1   20.5 


log  1 
log  P 

6  55 

34 

0.360 

6  21 

19 

0.374 

5  32 

62 

0.391 

4  30 

73 

0.4 1 1 

-3   17 

(0.508) 

An  observation   by   Mr.   Peters  on    1919  Sept.   27 

gives      0  — C  =    -<>'\4,    +6'. 

U.  S.  Naval  Observatory,  Washington,  D.  t  ..  1919  Sept     0 


ERRATA   TO    A.J.    VOL,    32,    NO.    749,    P.   38. 

Errata    to    Astronomical   Journal.    Volume    KXXII,    No.  749,  page  38,  column  2,  line  2  and  3:     for,   "method 
of  Wilson  and  Gingrich,"  read,  "Wilson's  method." 


CONTEN T S  . 


Observations  oi   Variable  Stars,  bi   William   Doberck. 
Obser\  ition  918  d    Schorr),   in    II     E.    I 

Observations  oi    '>,.  u       i\  riodh    Comet,  by  II.   E    Bi  rton 
1919  Ephi         is  i  r  Ernest  Clare  Bi  >»  i  r 

Errata. 


Editor,    Benjamin    Boss,    Albany,   N.Y.;     V   <>  iate    Editors      E     E     Barnard,    Ernest  W.  Brown,   F.  R.  Moulton   and   R.   S.    Woodward. 
hi,  by    mi     Dudi.m    i'h    ■u.MiiHY.   Albany,    N.  Y.,  U.S.  A..  TO   which    mi    Communications  Should  Be  Addressed.     Price    $5.00  the  Volume. 

Closed,   Nnvcmbti  29,   1919. 
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MICROMETRIC   MEASURES   OF   DOUBLE   STARS, 


MADE     \T   THE    YERKES    OBSEKV  ITORY, 

By  1'.  P.  LEAVENWORTH. 


The  measures  given  below  are  a  continuation  of  the  work  published  in  A.  J.,  70S.  Tiny  were  made 
possible  through  the  kindness  of  Professor  Frost  in  again  giving  me  a  placa  on  the  Observatory  staff 
during  a  part  of  the  summer  just  past. 

Ninety-three  measures  were   made   with  the  forty-inch,  and  sixty  with  the  twelve-inch. 
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1.44 
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0.1 
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2093  02  77     4h  8'" 

+31c  24' 

C  and  D 

1919.681 

231.7 

0.50 

40 

19. 54  7 
19.555 
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2.25 
2.27 

12 

12 
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+  14°  15' 

19.564 

48.8 

2.29 

12 

19.536 
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138.9 

1.03 
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4.0 
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12 

hi.5(i(i 

54.0 

2.24 

12 

19.542 

1919.56 

50.5 

2.29 
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19.544 
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4.0 

12 

AB  and  C 

L919.54 
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0.95         4.2 
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19.564 
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12 

19.564 
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6.0 
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15.1 
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6.5 

40 

1919.. -.52 

65.7 

1.93         8.0 

11.0 
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12 
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12 
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0.92 

12 
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178.3 

1.04 

12 
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8340  i 

L34.5 

2272      I7h59nl 
5.38         4.0 

+  2°  33' 
6.3 

12 

(13) 

.1  and  />' 
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0.99 

12 

19.659 

349.9 

1.30 

12 

19.566 

2.1 
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2281      IS1'  4'" 
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2525      19"  21'" 

+  27°  5' 

19.539 

72.6 

0.82 

40 

1919.659 

303.8 
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12 

(19) 

19.552 

74.9 

0.57         6.0 
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12 
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77.0 

0.59 

12 
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L66     19   35° 

+  2:;    11' 

19.676 
19.678 
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69.2 
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12 

1919.670 

237.8 
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0.81         9.0 
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40 

1919.62 
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(15) 

8390  0 
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A  and  B 

19.544 
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0.96 

12 

19.520 
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1.63        8.3 
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10 

19.552 

218.8 

L.03         6.7 

7.0 

12 

L9.539 
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19.678 

212.5 

0.92 

12 
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1.77         8.5 

8.4 

40 

1919.59 

214.7 
8467  Sn 

0.97         6.7 
264      IS1'  12'" 

7.0- 

-  is   40' 

3m 

(16) 

1919.54 

278.2 

L.82         8.4 
.1  and  C 

8.2 

3m 

19.555 

49.8 

17.50         6.5 

8.0 

12 

19.539 

333.6 

18.25 

15.0 

10 

19.678 

52.3 

17.59 

12 

19.561 

335.3 

10 

L919.62 

51.0 

17.54         6.5 

8.0 

■In 

1919.55 

334.4 

18.25 

15.0 

2-lM 

(1) 

8488  0  48     18"  14'" 

-  19    13' 

.1  and  D 

L919.552 

355.9 

2.09         8.0 

10.0 

12 

L9.539 

256.6 

13.63 

14.0 

40 

8520  0 

45.8 

49     IS1'  17'" 
8.02         8.0 

19   38' 
10.0 

12 

19.561 

254.7 

13.89 

40 

L9.552 

1919.55 

255.6 

13.76 

14.0 

2/i 

(1) 

19.555 

45.4 

8.04         8.0 

10.5 

12 

1919.501 

256.7 

B  and  1) 

15.91 

10 

L919.55 

45.6 

8.03         8.0 

10.2 

2m 

(3) 

8569  0 

1326     IS'  22m 

+  26°  23' 

1919.558 

104.7 

5.59          6.5 

14.0 

40 

.1   82 

7      19"  42'"      4-18°  20' 

19.550 

35.4 

3.28       10.5 

12.0 

40 

8655  Barnard   10     18h  30m      -12c 

5' 

19.558 

32.8 

3.32       10.0 

11.5 

10 

L919.539 

138.8 

0.50         9.0 

9.6 

Id 

(2) 

1919.55 

34.1 

3.30       10.2 

11.7 

2// 

8909  0 

137     IS1'  50'" 

4-37    II' 

.1    1187    19"  12'"      +  17   50' 

.1  and  B 

19.550 

L93.8 

1.17          9.5 

9.8 

10 

1919.659 

139.3 

8.0 

8.2 

12 

19.558 

190.2 

1.02          9.0 

9.5 

40 

1919.55 

192.0 

1.10         9.2 

9.6 

2m 

.1  and  C 

L919.659 

143.1 

L9.98 

12.0 

12 

(17) 

9621   Hi    347     19"  42' 

+  18°  ; 

i9' 

8933  0 

648     IS'  :,S" 

+  32°  45' 

19.550 
19.566 

340.7 
341.9 

0.99          9.0 
1.13         8.5 

11.5 
12.5 

10 

40 

19.550 

19.555 

52.2 
54.9 

1.47         6.0 
....         6.5 

9.5 
10.5 

40 

12 

1919.56 

341.3 

1.06         8.8 

12.0 

2m 

(3) 

L9.659 

54.9 
44.9 

1.39        6.0 
1.33        6.0 

10.0 
9.0 

40 
12 

9613  A.  G. 

Clark   11      19" 

44'"      4-18°  51' 

L9.676 

49.2 

1.27 

40 

19.550 

L69.9 

0.29 

10 

19.678 

IS. 9 

1.37 

12 

19.566 

168.8 

0.31 

40 

1919.61 

5(1.. s 

1.36         6.1 

9.8 

6  5m 

(18) 

1919.56 

169.4 

0.30 

2m 

(20) 
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9651   Hi    349     19h  44" 

.1  and  B 


+  16°  44' 


1919.566       235. S         2.21         8.3       14.0         40 


1919.566 


1919.566 


L9.536 

19.550 
L9.566 


A  and  CD 
29.4       53.28 

C  and  D 

199.0  3.02       12.5 

10363  0  151     20h  32'" 
.1  and  B 

339.7         0.49 
339.4         0.4S 

337.1  0.50 


40 

14.0         40 

+  14°  11' 


12 
40 
-III 


1919.55 


19.550 

19.566 


338.7 


0.49 


3«     (21) 


AB  and  C 


119.6       23.33 
119.7 


11.5         40 
40 


1919.56 


19.536 
19.561 


119.0       23.33 


328. 1 
329.0 


AB  and  D 
38.43 


11.5       2-1/, 


12 
40 


1919.55         328.6       38.43 

10520  0  65     20h  42'" 
1919.676       190.6         2.08         5.0 

11211  2  2822     21h  39- 
1919.550       136.1         1.51 

11222  (3  989     21h  39m 
A  and  B 
91.4         0.25 


2-ln 

+  5°  34' 
8.5         40 


(22) 


+  2S°  12' 


40        (23) 


4-25    6' 


L919.550 


L919.550 


40 


.24) 


AB  and  C 
294.4       12.48 


Id 


11275  13  1306     21h  11" 
.1  and  B 
L919.676       295.2       31.71 


+  23°  1' 


1919.676 


.1  and  CD 
275.0       33.30 


40 


Id 


('  and  D 


1919.676       334.4 


40 


11732  (3 

291  221'  22m 
.1/;  and  C 

+  3°  55' 

19.550 

124.2 

30.85         8.0 

14.0 

40 

19.566 

124.7 

30.96 

40 

1919.56 

124.4 

30.90  8.0 
.1  and  B 

14.0 

2n 

1919.566 

178.2 

(1.12 

40 

11713  2  2909     22h  23" 


(I    3S' 


19.522       306.1 
19.542       305.7 


3.08 
2.90 


40 
40 


1919.53 


305.9 


2.99 


11756  0  76     22h  23ir 
A  and  B 


111. 522  344.5 
19.542  342.1 
19.566       338.6 


1.56 
1.45 
1.31 


8.0 
8.0 


■0°49' 


9.5 

9.5 


2» 


40 
40 
40 


1919.54 


341.7 


1.44 


8.0 


9.5 


3n 


.4  and  C 


19.522 

339.9 

45.51 

14.0 

40 

19.542 

340.3 

45.28 

14.5 

40 

19.550 

339.8 

45.95 

14.0 

40 

19.566 

339.9 

40 

1919.54 

340.0 

45.58 

14.2 

4-3n 

1919.676 


J  856     22h  23 m     +28°  43' 
215.8         1.25         9.5       11.0         40 


12008   Ho  482     22h46m      +25°  45' 


1919.581        192.5         0.28 

12091  ( »2  4S3     22h  53" 


40       (25) 


+  11°  5' 


1 '.1.522 

236.7 

1.02 

40 

19.542 

236.4 

1.09 

6.0 

7.5 

40 

19.566 

232.5 

0.93 

6.0 

7.0 

40 

19.676 

231.8 

0.98 

6.0 

7.0 

40 

1919.58 

234.4 

1.00 

6.0 

7.2 

4/( 

12276  n 

}  79     231' 

11'" 

-2°  10' 

L919.665 


40        (26) 
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12290  0  80     23h  13'" 

+  4°  45' 

(12) 

D srck's  orbit,  A.N.   1063,  >i ill    represents 

o                          , 

in. 

i  he  observations  closely. 

19.665       250.8         0.79         8.0 

9.0 

in 

19.676       245.8         0.81         8.0 

9.0 

Ki 

(13) 

O-    ('         +o°.l         +()".ic, 

1919.67         248.3         0.80         8.0 

9.0 

2n 

Comparisons    with     1. dusk's    ephemeris,    Pots- 

12432  iS  720     23h  28"' 

+  30°  40' 

limn,    \ 

respeii 

'ol.    XX,    and    Dobebck's    A.N.     11  Hi,    givs 
vely 

19.522       194.3         0.48 
19.542       193.8         0.43 

H) 
40 

O 

—  C      -0°.4      -0".07         +0°.7      -0".06 

1919.53          194.0         0.46 

2n 

(14) 

DoBEKClv's  elements    111    represents   1  he   angle 

12650  A  427     23h  5 1  "' 

+  27°  4' 

lies!    and    his    elements    I    represent    the    distance    best 
(.1.  .V.  3912). 

19.676       218.7         1.61         8.7 
19.681       222.1         1.64         8.8 

1  -1.0 
13.5 

10 

40 

(15)     The  distance   has   apparently    nol    reached   a 
maximum     in     the     first     quadrant.     The     curves     in 
Burnham's  Gen.  Cat.  and   Lewis'  Struve  stars.  Mem. 

1919.68         220.4         1.62         8.8 

13.8 

2n 

(3) 

(1)     <  Jhange  due  to  the  proper- 

inui  ion  of 

A. 

/,'.  .1 .  ,s 
(16) 

.,  Vol.  LVI,  are  erroneous  in  this  respect. 
Angle  decreasing  aboul  0°.6  a  year.      Distance 

(2)     Slow  increase  in  angle  and  distance. 

probab 

y  increasing  slightly. 

(3)     No  motion. 

(17) 

Distance  increasing. 

(4)     Angle  decreasing  aboul  0 

8  a  year. 

(18) 

Comparison    with    Aitken's   ephemeris   gives 

(5)     Angle  increasing  about  0° 

3  a  year. 

0  — C          +27°.l          +0".72 

(6)     Comparison    with    Lewis' 
R.  A.  S.,  Vol.  LVI  gives 

elements 

in 

Mem. 

il'.D     Comparison      with      Dobebck's      ephemeris, 

.1 .  A".  4515.  gives 

O  —  C         +5°.0 

+  0".12 

O  — C         +2°.7         +0".28 

The    period    in     Doberik's    elements    . 
appears  too  short,   making  the  distance  a 

.  .V. 

this 

4296 

time 

(20)     <  !omparison  with  Van  Biesbroeck's  ephemeris, 
A.  ./.,  No.  692,  gives 

only  0".06. 

O  — C          -2.9         0".00 

(7)     Comparison  with   Aitken 

's  ephemeris   ii 

Lick 

(21) 

Comparison     with     Louse's    ephemeris    gives 

Pub.,  Vol.  XII,  gives 

O  — ('          -0°.4          -0".03 

O  — C          +0°.l 

-0".09 

(22) 

Angle  increasing  aboul  0°.l  a  year. 

(8)     Change  doubtful. 

(23) 

Motion  still  appears  rectilinear. 

(9)     Angle  increasing  about  0°. 

1   a  year. 

(24) 

Comparison  with  Lewis'  orbil  gives 

(10)     Comparison      with      Comstock's 

.1 .  ./.,    No.    171'.   gives 

ephemeris, 

O  — C         -6°.0         +0".d!) 

O  — C          -0°.6 

-0".17 

(25) 

Probably  a  short  period  binary. 

ill)     Comparison    with    Aitken's   ephemeris 

gives 

(26) 

Angle  decreasing  alioul    1   .0  a    sear. 

O  — ('         +8°.0 

-()".()-> 

Minneapolis,    Mum 
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OBSERVATIONS   OF   ASTEROIDS, 

MADE    WITH    THE    26-INCH    EQUATORIAL    OF   THE    U.S.    NAVAL    OBSERVATORY. 

[Communicated  by  Rear  Admiral  J.  A.  II iewerff,  U.S.  Navy,  Superintendent.) 


Wash.  M.T. 


*       Comp. 


App.  a 


App.  o 


LogpJ 


Red.  of  • 
to  app.  pi. 


See'g    Obs. 


(288)   Clonic 


Nov. 

Doc. 


IMS 

May 


June 


27  1(1  33  17 
1   14  12  11 

22  1  1  27     1 

28  10  46     6 

1  12  14  32 

2  13  55     7 
17  12  34  41 

4  12  34  L5 

5  12    9  is 


1 

£39,     8 

2 

(25,    5 

3 

/20.      1 

4 

(34,     7 

5 

/30,     6 

6 

r/13,  10 

7 

/4(l.     S 

.8 

(30,    6 

8 

(29,    6 

:;  38.51 
+  2  25.04 
+  1  18.88 
-3  16.82 
-4  31.65 
+  0  20.27 
-0  48.02 
-2  54.16 
-3  32.47 


-3  10.5 

+  3  30.7 

-  1  50.2 

4-;,    5.9 

+  ()  57.9 

+  0  18.4 

+  4  36.9 

-4  30.3 

l   t9.9 

6  23  32.35 

6  20  48.04 

li     1  4U.42 

5  55  45.19 

Hi  55  32.85 

15  54  46.87 

15  42  33.01 

15  28  18.32 

15  27  40.02 

+  19  13  36.09.489 
+  19  40    9.68.864 

+  20  6  28.7 
+  20  13  37.4 
-12  58  35.7 
-12  5G  0.4 
-12  24  20.1 
-12  10  42.1 
-12  11     1.6 


0.530 

0.460 

8.791k  0.451 

8.933w  0.451 

9.110/;  0.835 
8.930    0.837 


8.821 
9.360 
9.283 


0.S34 
O.S22 
0.826 


+  5.54         0.0 

f 

+  5.66  +    1.2 

P 

+  6.05  +   2.6 

f 

+  6.15  +   2.8 

f 

+  3.47  -10.6 

f 

+  3.50  -11.1 

vp 

+3.69  -11.6 

g 

+  3.77  -11.8 

f 

+  3.78  -11.7 

Hl 
Bn 
Bn 

Hl 

Hl 

B 

B 

B 

Hl 


Nov.  27,  hazi 

;   wires  flashing, 
of  wires,  poor  ob 


July    25  13     1     8 

29  lo  ;;!  26 

Aug.     2  1  1  57  27 

July  25,  est  imate 


>S,  comparison  star  too  bright;  declination  settings  on  it  are  poor;  windy;  poorer  at  last;  cross  circuit 
May  1.  illumination  unsatisfactory.  May  2,  delayed  at  times  by  clouds.  May  17,  very  unequal  illumination 
June  4.  p ■  obsen  ation      June  5,  asteroid  faint ;   haze;   poor  obs  rvation. 


9 

/25. 

5 

10 

(25, 

5 

11 

d  8, 

8 

+  l  38.66 

+  1  17.7 

-  1   16.64 

+  1  19.4 

+0    2.99 

-3  22.2 

133     Eros 

36.11 

19  24  35.11 

19  17  53.21 


-24  38  40.0 

-24  14  18.0 

-23  47  14.4 

9.344     0.879  +4.04  +14.1 
8.705/!  0.893  +4.65  +13.6 

0.210     0.SS2  +4.02  +12.7 


p 

Bn 

p 

Bn 

'P 

Bn 

aboul   12.5.     July  29,  poor  observation;   interrupted  by  clouds. 


1 447)    Valentine 


May 


June 


8  13  12  22 
14  12  17  27 
16  11  28  56 
31  12  8  1  I 
4  10  9  39 
s  1  1  1  44 
12    9  16    3 


(30,  10;  +  2  23.04  +0    2.1 


16  10    2.78 


(30,  10-2  47.66+1  35.1  10  5  14.08 
(30,  10—1  4.12  +0  40.1  16  3  34.65 
(25,  5  +2  L3.93  -2  19.1  15  50  42.52 
/25.  5  -0  58.19  +2  2.5  15  47  30.40 
(25,  5  +3  37.03  +3  21.2  15  44  22.24 
(25,     5  +0  46.38  +0  51.5  15  41  31.02 


-19  22  10.5  s.  191  0.873 
-19  16  5.4'8.609?2  0.872 
-19  13  55.0  9. UNO//  0.868 
-18  50  1S.1  9.045  0.867 
-  18  51  56.4  8.992h  0.868 
-18  47  50.1  s. 70S  0.869 
-18  44  19.9  8.841m  0.868 


+  3.70 

-    9.4 

P 

Bn 

+  3.82 

-    9.4 

f 

Bn 

+  3.85 

-    9.8 

g 

Bn 

+  3.97 

-11.2 

f 

Bn 

+  3.97 

-11.1 

f 

Bn 

+3.98 

-11.7 

f 

Bn 

+  4.01 

-11.8 

vp 

Bn 

May  31,  a  little  haze.     June  12,  windy- 


Apr.  26  10  59  0 

May  2  II  38  3  1 
3  10  25  15 
3  11  39  27 


17 

(30,    0 

18 

,/  s.    s 

19 

d  s.    8 

21 

(25,    5 

-3  26.88 
+  0  8.18 
-0    4.67 


(588)  Achilla 
+  8  5.6|ll  20  26.33  - 
+  1  32.3  11  19  13.20  - 
+  0  45.1  11    19    4.30  - 


■3  1  1.9S  +  1  59.7  11  19    3.93 


5  4  0.5 
4  52  33.1 
4  50  53.9 
4  50  46.5 


9.344 

9.5IO 
9.32S 
9.519 


0.779 

0.770 
0.77s 
0.709 


+  2.76 
+  2.69 
+  2.69 
+  2.71 


20.5 

P 

20.4 

vp 

20.4 

P 

20.4 

P 

1  first  observation,  haze,  asteroid  faint :   second  obsei  \  at  ion,  asteroid  very  faint. 


Nov.  21  12  33    6  22 

26  1 1   19  :>r,  22 

Dec.     5    9  29  is  23 

l9M  29  io  :,:,  lo  24 

I     9  2S  22  25 

L2  lo  30     1  26 

Feb.     4    8  54  28  27 


(30, 

(24, 
(25, 
(30, 
dlO, 
(34, 


6 

•  0  11. S5 

-2  47.0 

5 

-0  54.94 

+  7  21.9 

5 

:  3  27.78 

0  40.9 

6 

+2  21, is 

+  0  34.5 

10 

-0     7.82 

I  9  20.9 

7 

+  3  49.99 

+6  32.4 

20 

-0  10.71 

+  1  49.0 

886)    Washingtonia 

2  42  13.91  +10  0  2,1  9.382  0.0  13 
2  40  37. 13  +  10  10  1 1 .2  9.250  0.033 
2  34  28.55  +10  59  19.7  8.206m  0.012 


2  28  50.84 
2  31   35. OS 

2  32  :>■■•.:<<> 


■  13  36  29.1  9.520  0.023 
+  14  57  2.S9.  Ill  0.5S3 
+  15  20     7.9  9.507     0.020 


•  5.16  +23.9 

P 

+  5.17  +23.8 

f 

+  5.17  +24.0 

f 

+  5.09  +24.0 

P 

+  1.74  +   8.1 

P 

+  1.72  +   8.3 

f-p 

+  1.54  +   7.4 

P 

Bn 
Bn 
Bn 
Bn 


Bn 

Hl 

Bn 

B 

B 

Hl 
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Wash.  M.T. 


Comp. 


App.  a 


App.  8 


Log  //J 


Red   o(  * 
to  App.  PI. 


Obs. 


(880)      Washingtonia 


Feb.    12  7  58  57 

13  7  51  31 

Mar.     2  S    2  31 

5  8  58    6 

15  8  35  54 


28 

dl2,  10 

30 

dl2,  10 

32 

dU,   L2 

33 

</14.  12 

34 

dl6,  12 

-i)  19.98 

-2  15.8 

ii  1.53 

-u  27.1 

(I  L3.47 

- 1  0.2 

-0  23.47 

+ 1  52.6 

-0  ID. 00 

-3  44.9 

2  56  is. si 

2  57  51.15 

3  17  41.36 
3  21  35.34 
3  35    3.87 


j  L9  22  57.1 
+  19  30  19. s 
+  21  12  37.1 
+  22    5  29.9 

i  2::  is  2D.2 


9.473 

0.530 

.1.  1(12 

0.524 

9.584 

0.546 

9.658 

0.612 

.1.1,1,1 

0.606 

!  1.5(1  f 

7.:; 

P 

+  1.4S  + 

7.2 

f 

+  1.33  + 

6.3 

f 

+  1.32  + 

6.1 

r 

+  1.25  + 

5.6 

f 

Nov.  24,  (-■loads  passing  over.  Nov.  26,  haze;  moonlighl ;  asteroid  faint  at  last.  Dec.  5,  est.  mag  about  13;  perhaps  1  mag,  fainter 
than  on  Nov.  24.  Dec  29,  13m.0±;  moonlight;  asteroid  faint;  poor  observation.  Jan.9,  I3m.5±.  Jan.  12,  could  nol  make  transit 
wires  faint  enough.  Feb.  4,  13m.5±;  asteroid  fainl  at  times.  Feb.  12.  13m.5±;  asteroid  faint  at  times.  Feb  13,  I3m.5d  ;  asteroid 
faint.  Mar.  2,  14'". 0±.  Mar.  5,  1  tm.0±;  delayed  after  first  half  of  eos  OAa,  because  asteroid  passed  very  close  to  a  star;  asteroid  faint 
for  ASand  second  half  of  cos  8Aa;   very  faint  at  last:   poor  observation.     Mar.  15,  I  l!"  " 


Comparisons:   <1  =  direct  measures,  clock  running;   I  =  transits 

Seeing:   g  =  good;   f  =  Fair:   p  =  poor,  vp  =  very  poor 

Observers:   Hl  =  A.  Hall;    Bn=H.  E    Bt/rton;    B  =  Ernest  Clare  Bower 
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22 
23 
24 
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27 

28 


Mean  Places  of  Comparison  Slurs  far  Beginning  of  Year, 
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26 
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31 

41.70 

2 

29 
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57 

7.29 

+  1!)  16  16.5 

+  19 

42 
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28.7 

-12 

59 

23.0 
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56 

7.7 

-12 

28 

45.7 

-12 

6 
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-24 

40 
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-24 

15 
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-  23 

11 

4.9 

-19 

22 

3.2 

-19 

17 

31.1 

-19 

14 

25.9 

-18 

53 

17. s 

-18 

50 

59.6 

-  5 

11 

45.6 

-  4 

53 

45.0 

-  4 

51 

18.6 

-  4 

50 

1.2 

-  4 

52 

25.8 

+  10 

2 

25.5 

+  10 

59 

36.0 

+  13 

35 

30.0 

+  14 

47 

33.8 

+  15 

13 

27.2 

+  18 

17 

56.5 

+  19   25      5.0 


Authority 


A.  G.  Berlin    1.  2205 
.1.  G.  Berlin  .1.  2108 

.1.  G.  Berlin  .1.  1889 

.1.  G.  Berlin  />'.  2164 
Boss  /'.  G.  C.  1507 
.1.  G.  Camb.  U.  S.  5567 
A.  G.  Camb.  U.  S.  55  10 
A.  G.  Camb.  U.S.  5491 
A.  G.  Camb.  U.  S.  5441 
Cordoba  A.  13027 
Cordoba  .1.  13590 
Cordoba  A.  L3486 
A.  G.  Algiers  6698 
A.  G.  Algiers  6700 
^4.  G.  Algiers  0075 
A  .  G.  Algiers  0500 
A.  G.  Algiers  6513 
.1 .  G.  Straszburg  t315 
A.  <;.  Straszburg  4296 
I  Comp.  with  20,  4919  May  3, 
|  Aa  =  +<)'"  37s.l  1.  Ao  =   -1'  17".4,  1919.0 
A.  G.  Straszburg  4290 
A.  G.  Straszburg  4309 
A.  G.  Leipzig  II  1015 
A.  G.  l.i  ipzig  I      750 
A.  G.  Leipzig  I      731 
.1 .  G.  Leipzig  I      754 
.1 .  G.  Leipzig  I      742 
A.  G.  Berlin  A.  77S 

|   12'-. 2  •    star,  comp.  with  29,  1918,  Feb.   13, 
)  Aa  =   +2'"  51".64,  A3  =  +10'  10".2,  1918.0 
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• 

■ 

S 

Authority 

29 

h       in 

2  54 

L5.65 

+  19° 

14  55.4 

.4.  G.  Berlin  A.  800 

30 

2  57 

54.20 

+  19 

31     9.7 

j  12'".0±  star,  comp.  with  31,  1918, 
\Aa=   -0'"  34".31,  A3  =  +2'  20".2 

Feb.  13, 
1918.0 

31 

2  58 

28.51 

+  19 

28  49.5 

.4.  G.  Berlin  A.  817 

32 

3   17 

53.50 

+  21 

43  31.0 

I  Astr.  Par.  +22°.03»'20m,  99 

2    |  Astr.  Par.  +21  .03    16   ,  48 

(  Astr.  Par.  +23°.03h  24"\  88 

33 

3  21 

57.49 

+  22 

3  31.2 

%<  Astr.  Par.  +22  .03    20   ,  59 
[Astr.  Par.  +21  .03    24   ,  22 

34 

3  35 

21.62 

+  23 

22     8.5 

)  Astr.  Par.  +  24°.03h  36m,  156 
\  Astr.  Par.  +23  .03    32  ,    63 

35 

3   17 

53.50 

+  21 

43  31.1 

(32  comp.  with  36,  1918,  Mar.  2, 
(Aa  =   -lm  54s. 74,  ±5  =    -1'  31".7, 

1918.0 

36 

3   19 

4S.24 

+  21 

45     2.8 

A.  G.  Berlin  B.  1009 

37 

3  21 

57.59 

+  22 

3  30.7 

133  comp.  with  38,  1918,  Mar.  5, 

}±a  =  +lm  52\43,  So  =  +4'  10".8 

1918.0 

38 

3  20 

5.16 

+  21 

59  19.9 

A.  G.  Berlin  B.  1010 

39 

3  35 

21.71 

+  23 

22     8.6 

4  34  comp.  with  40,  1918,  Mar.  15, 
(Aa  =   -lm  10s.44.  15  =  +8'  39".7 

1918.0 

40 

3  36 

32.15 

+  23 

13  28.9 

.4.  <!.  Berlin  B.  1097 

Washington,  I).  C,  1919,  Sept.  5 


SEARCH   EPHEMERIS   FOR   GIACOBINI'S   COMET,    1900   III, 

By  FRANK  E.  SEAGRAVE. 

This  cornel  was  rediscovered  by  Dr.  Zinner  early  in 
October  1913,  and  has  a  period  of  6.582  years.  It  is 
due  to  pass  perihelion  early  next  June.  The  ephemeris 
and  constants  are  based  upon  these  elements  as  below. 
The  Jupiter  perturbations  have  been  very  small  since 
perihelion  passage  in  1913. 

T  =  1913  Nov  1.983  G.M.T. 

w  =       7°    4'  33" 
£   =  195°  36' 18" 

i  =    30°  33'    6" 

<p  =    47    12'  15" 
Log  q  =  9.97086 
Log  a    -  i!.:.  1560 

M  =  539".000 


1920    Gr. 
.Midnight 

a 

S 

Log  r 

Log  A 

Jan.       1 

17  29  46 

-4  31     7 

0.33864 

0.48029 

9 

17  46  43 

—  4  15  54 

0.32350 

0.46445 

17 

18     4  49 

-3  51   15 

0.30758 

0.44747 

25 

18  23  48 

-3  15  55 

0.29084 

0.42919 

Feb.     2 

18  43  43 

-2  29  48 

0.27326 

0.41001 

10 

19     4  38 

-1  32     7 

0.25474 

0.38995 

18 

19  26  41 

-0  22  22 

0.23528 

0.36931 

26 

19'49  57 

+0  59  25 

0.21480 

0.34823 

I    "\  3TANTS 


x  =  K9.99590)  sin  (283°  31'  26"  +  u) 
y  =  r(9.99753)  sin  (194°  22'  16"  +  u) 
:    =  nil. 23SMD  sin  (321°  51'  11"  +  it) 
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THE  NEW  SUBTERRANEAN  CLOCK  ROOM 
OF  THE  ARGENTINE  NATIONAL  OBSERVATORY, 


By  M.   L.  /.I  MM  I  l; 


For  inure  than  five  years  I  he  two  RicHer  clock.-  in 
their  hermetically  sealed  cases  have  been  kept  in  the 
little  room  made  in  the  big  brick  pier  which  supports 
the  new  M.  ('.  instrument.  This  room  lias  been  kept 
at  a  uniform  temperature  by  means  of  an  electric 
heater  controlled  by  a  delicate  thermostat.  This 
arrangement,  in  general,  gave  very  satisfactory  results; 
hut  as  we  were  dependent  upon  the  Cordoba  Light 
and  Power  Company  we  would  occasionally  find  the 
current  cut  off  for  periods  varying  from  a  fVw  minutes 
to  a  few  hours.  Then,  too,  the  automatic  circuit 
breaker  from  one  cause  or  another  would  set  out  of 
order  from  time  to  time  and  cause  a  change  of  several 
degrees  centigrade  in  the  clock  room.  These  inter- 
ruptions at  once  affected  the  clock  rates  and  were  all 
the  more  annoying  as  they  frequently  happened  in 
the  midst  of  a  series  of  observations. 

For  these  reason-  we  began,  almost  from  the  first,  to 
look  for  a  way  to  construct  a  room  that  would  remain 
at  a  constant  temperature  without  the  aid  of  am 
auxilliary  apparatus  whatever.  It  was,  therefore, 
decided  to  carry  out  the  idea  formed  earlier  by  Director 
Pi  RRINE,  of  constructing  a  (dock  room  at  such  a  dis- 
tance underground  that  the  temperature  would  he 
practically  constant. 

The  Argentine  Weather  Bureau,  which  has  a  station 
situated  at  one  end  of  the  original  Observatory  grounds, 
has  for  a  good  many  years  conducted  a  series  of  ex- 
periments for  determining  the  temperature  of  the  soil 
at  various  depths.  The  experiments  show  that  prac- 
tically all  daily  variation  disappears  at  a  depth  of 
o()  cm.  and  that  at  a  depth  of  ten  metres  tin'  tempera- 
ture is  practically  constant  the  year  round. 

Accordingly,  a  hole  two  metres  in  diameter  was 
sunk  to  a  depth  of  ten  metres  and  a  half  and  the  room 
constructed  according  to  the  plan  shown  in  the  figure, 
of  reinforced  concrete  treated  with  "Ceresita"  a 
waterproofing  mixture  which  renders  the  hardened 
concrete  absolutely  impervious  to  water  or  moisture. 


The  side  walls  have  an  average  thickness  of  25  cm. 
and  the  room  is  2.20  m.  high.  The  top  which  supports 
the  chimney  and  column  of  earth  is  reinforced  with 
several  five-inch  I-beams  and  is  It)  cm.  thick.  The 
walls  of  1  he  chimney  have  an  average  thickness  of 
15  cm.,  being  aboul  twice  as  thick  at  the  bottom  as 
at  the  toj).  This  room  is  provided  with  a  -pace  for  a 
third  clock,  if  necessary,  and  is  amply  large  to  permit 
of  two  men  working  in  it  at  the  same  time.  The  room 
is  located  under  what  is  planned  to  he  the  main  build- 
ing in  order  to  give  added  protection  to  the  ground 
above  againsl  temperature  changes. 

At  first  it  was  feared  that  we  might  find  difficulty  in 
keeping  moisture  out,  but  no  trouble  whatsoever  in 
that  respect  has  been  experienced  since  the  wall- 
became  thoroughly  dry.  Towards  the  last  a  few 
buckets  of  quick-lime  were  placed  in  the  room  to 
hasten  t he  process. 

The  clock-  have  been  installed  and  the  circular  iron 
door  clamped  into  place  on  the  lead  gasket  at  the 
bottom  of  the  man-hole,  or  chimney,  as  shown  in  the 
cut,  thus  making  the  room  almost,  if  not  quite,  her- 
niet  ically  sealed. 

The  batteries  both  for  the  electric  wind  and  chrono- 
graph are  kept  in  a  small  room  in  the  Observatorj 
where  they  are  conveniently  changed  or  adjusted. 
Delicate  galvanometers  have  been  placed  in  the 
circuit  of  the  electric  wind  in  order  to  indicate  the 
number  oi  seconds  between  successive  windings.  The 
bietler  clock  in  i  lie  observing  room,  which  is  syn- 
chronized with  one  of  the  standard  chicks  in  the 
underground  room,  gives  us  at  all  times  the  exact 
time  of  the  standard  clock,  thus  removing  all  necessity 
for  descending  into  the  room  below, 

At  this  depth  surface  vibrations  should  be  greatlj 
diminished,  if  not  entirely  nullified,  anil  as  there  is  no 
diurnal  variation  of  temperature  we  should  expect 
tin  rate.-  iii  tin-  room  to  be  better  even  than  1  hoS"  ill 
the  old  one  where  the  conditions,  although    very  good 
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SCALE.:       U30 

in  general,  were  rather  frequently  disturbed.  Un- 
fortunately Cordoba  is  visited  rather  often  by  earth- 
quake shocks,  some  of  which,  though  of  slow  vibration- 
period,  arc  of  sufficient  intensity  to  actually  stop  the 
clocks.  These  disturbances  we  arc.  of  course,  helpless 
to  overcome.  In  places  where  earthquake  shocks  are 
not  prevalent  such  a  clock  room  should  give  conditions 
that  would  lead  us  to  expect  uniform  rates  for  periods 
of  a  whole  year,  a  condition  which,  to  my  knowledge, 
has  not  even  been  approximated. 

The  total  cost  of  construction  is  so  small,  and  the 
rates  obtainable  under  such  constant  conditions  so 
superior,  th.it  no  observatory  can  afford,  in  my  opinion, 
to  undertake  meridian  circle  work  without  putting  its 
clock  in  some  such  room. 


( 'ordoba,  May,  1919. 


SCALE     1  :  25 

Mote  added  by  the  Directoi — 

The  detailed  plans  of  this  clock-room  arc  due  almost  entirely  to 
Mr.  ZlMMER  and  arc  a  great  improvement  in  several  ways  over  the 
very  general  plan  which  I  had  in  mind  at  first.  It  is  so  satisfactory 
that  I  do  not  sec  hew  it  can  be  greatly  improved  either  in  the  way 
of  efficiency  or  simplicity 

C.  D.  Perrixe. 
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DECLINATIONS 

Bi  SAMUEL 

The  following  declinations  were  obtained  by  meas- 
uring their  difference  of  declination  from  the  stars  of 
Boss's Preliminary  General  Catalogue.  The  differences 
were  measured  with  the  micrometer  of  the  zenith 
telescope  of  the  Flower  observatory,  between  October 
1916  and  August  1918.  Observations  were  taken 
with  the  telescope  in  both  east  and  west  positions. 
All  (if  the  stars  observed  arc  contained  in  the  A.G. 
Iltinii  catalogue,  that  is  the  declinations  are  between 
40°  and  50°  north.  More  detailed  results  will  lie  given 
later  in  the  publications  of  the  Flower  Observatory. 
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OF    1S2    STA1!>. 
<;.  BARTON 

The  columns  give  res] tively  the  Bonn  Dumber  of 

the  star  observed,  its  magnitude  and  righl  ascension 
as  given  in  the  catalogue  and  the  observed  declination 
reduced  to  1875  with  the  constants  of  the  catalogue, 
the  differences  of  declination  observad  minus  Bonn, 
the  resulting  proper-motion,  the  number  of  the  Boss 
star  used  for  comparison  and  i he  number  of  observa- 
tions. Where  the  star  is  contained  in  the  Cala 
of  Proper-Motion  Stars,  Publications  of  the  Cincinnati 
Observatory  No.  L8,  the  tact  is  noted. 
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ON   THE   ORBIT  OF  p  ERIDANI  =  DUNLOP  5, 

By  BERNHARD  II.   DAWSON. 


The  star  p  Eridani,  Dunlop  5,  is  among  the  best 
observed,  and  yet  is  one  of  the  poorest  determined  of 
the  southern  binaries,  and  is  of  interest  on  account  of 
the  great  size  of  the  orbit.  This  is  at  the  same  time 
the  chief  cause  of  the  indetermination,  for  the  ob- 
served arc  is  only  a  little  over  90°  in  spite  of  the  fact 
that  its  chord  is  more  than  9".  The  curvature  indi- 
cated by  the  observations  is  so  small  that  rejecting 
those  of  Dunlop  and  Herschel  the  remainder  were 
for  a  long  time  as  well  represented  by  the  hypothesis 
of  rectilinear  motion  proposed  by  Russell  as  by  the 
orbits  which  were  computed  by  Downing  and  Gore. 
This  was  brought  out  by  Burnham  in  lso:'>.  at  which 
time  he  said  that  the  observations  of  the  next  ten 
years  should  decide  whether  the  motion  was  rectilinear 
or  binary,  but  thai  the  elements  of  the  orbit  would 
remain  indeterminate  for  a  century.  In  1012  Innes 
called  attention  to  the  fact  that  the  motion  could  then 
no  longer  be  represented  by  a  straight  line  and  that 
the  star  must  consequently  be  binary. 

The  observations  since  1000  depart  as  much  from 
Gore's  orbit  mi  one  side  as  they  do  from  the  straight 
line  on  the  other,  but  Burnham's  statement  that 
the  orbit  would  long  remain  indeterminate  has 
apparently  discouraged  any  attempt  at  improvement. 
With  the  approaching  appearance  of  a  second  edition 
of  Innes'  Referenct  Catalogue  the  tune  seemed  oppor- 
tune for  a  new  attack,  especially  as  Comstock's  new 
method    offered     hope    that    a    solution    could     now    be 

made. 

All  the  availabh>  observations  were  accordingly 
collected  and  the  observed  position  angles  and  dis- 
tances plotted  with  the  time  as  argument.  Smooth 
curves  were  drawn  through  the  points  and   the   values 


of  the  quantities  read  off  at  intervals  of  five  years. 
The  values  so  obtained  were  combined  and  plotted 
in  polar  coordinates,  and  the  resulting  points  tested 
for  the  constancy  of  the  area!  velocity,  which  was 
found  to  lie  satisfied  within  the  limits  of  accidental 
error  by  all  I  he  points  from  1835  on.  Dunlop's 
observation  of  1826  showed  a  considerable  discordance 
and  was  accordingly  rejected.  The  curve  indicated 
by  the  remaining  points  is  quite  smooth  and  well 
defined.  Not  only  is  there  no  doubt  of  departure 
from  a  straight  line,  but  it  is  also  certain  that  the 
curvature  at  each  end  of  the  observed  arc  is  greater 
than  that  at  the  middle.  The  apparent  orbit  is 
consequently  quite  elongated  with  the  extremity  of 
the  minor  axis  near  the  middle  of  the  observed  arc. 

The  apparent  ellipse  was  drawn  by  trial  and  the 
following  elements  were  obtained  from  it  by  ZwiERS 
method. 

Elements  I 


P  = 

T  = 

e  = 

a  = 


Si  = 


218.0:;  years 

I  MM,    I    I 

0.7208 
s".0012 
301°.40 

±114.264 

(  ±65.736,  angles  decreasing) 
1.146   (1880.0) 


Ephemerides  were  computed  from  these  elements 
and  from  those  by  Gore.  These  are  compared  with 
the  readings  of  the  interpolating  curves  in  the  fol- 
lowing  table. 
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Table  I.     Comparison  of  Gore's  Elements  and  Elements  I  with  the  Interpolating  Curves 


Date 

<  (ore 

Angle 

Si 

Curve 

Distance 

1  (ore      Sj     Curve 

Date 

Gore 

Angle 

Si       Curve 

Distance 
Gore      Si     Curve 

1825.0 

355.9 

324.0 

352.0 

2.03 

3.60  3.40 

1875.0 

239.0 

238.7  238.6 

6.11 

5.85  5.88 

30.0 

324.0 

312.4 

319.0 

2.60 

3.60  3.52 

80.0 

231.8 

234. (i  234.4 

6.41 

6.23  6.26 

35.0 

303.9 

301.0 

301.8 

3.16 

3.64  3.65 

85.0 

231.0 

230.9  230.8 

6.69 

6.61  6.57 

40.0 

289.5 

289.9 

289.2 

3.65 

3.73  3.80 

90.0 

227.4 

227.7  227.4 

6.96 

6.98  6.99 

45.0 

278.4 

279.6 

279.0 

4.07 

3.90  4.00 

95.0 

224.1 

224.8  224.4 

7.22 

7.35  7.37 

50.0 

269.2 

270.3 

269.8 

4.46 

4.13  4.22 

1900.0 

221.0 

222.2  222.2 

7.47 

7.69  7.73 

55.0 

261.5 

262.1 

262.0 

4.82 

1.11    1.15 

05.0 

21S.1 

219.8  219.4 

7.70 

8.02  8.06 

60.0 

254.8 

254.9 

254.8 

5.16 

4.74  4.75 

10.0 

215.4 

217.6  217.2 

7.93 

8.33  8.38 

65.0 

249.0 

248.7 

248.6 

5.49 

5.09  5.10 

15.0 

212.9 

215.5  215.0 

8.15 

8.62  8.66 

70.0 

243.7 

243.3 

242.8 

5.81 

5.47  5.48 

20.0 

210.5 

213.5  213.6 

8.35 

8.88  8.94 

It  is  evident  thai  the  representation  of  the  curves  is 
better  with  the  new  elements,  partly  because  Gore 
attempted  to  make  his  orbit  fit  Dun-lop's  observation. 
We  are  now  in  a  position  to  say  definitely  that  this 
contains  some  error  other  than  that  of  quadrant,  and 
on  rejecting  it  we  obtain  a  better  representation,  not 
only  of  the  observations  since  1900.  but  also  of  those 
m  the  interval   1850     -  1880. 


In  the  hope  of  correcting  these  elements  still  further 
the  observations  were  compared  individually  with 
values  interpolated  from  the  ephemerides,  and  the 
residuals  grouped  into  fifteen  normals  in  angle  and 
fourteen  in  distance,  assigning  weights  according  to 
number  of  nights,  aperture  of  telescope  used  and 
experience  of  the  observer  at  the  time.  These  normal 
residuals  are  given  in  Table  II. 


Table  II.     Normal  Residuals,   (O  —  C) 


Mean  Epoch 

Afi 

(Jure                Si 

s-A8 
57.3 

Gore              Si 

Weight 

Mean  Epoch 

<  iore 

Si 

Weight 

1835.30 

-1.60 

+  1.05 

-0.089 

+  0.067 

5 

1835.00 

+  0.486 

+  0.014 

2 

46.35 

+  0.78 

-0.48 

+  0.057 

-0.033 

2 

16.51 

+0.076 

+  0.307 

m 

51.27 

+  0.53 

-0.39 

+  0.042 

-0.029 

-iVi 

51.49 

-0.304 

+  0.054 

VA 

55.14 

+  0.59 

+  0.03 

+  0.050 

+  0.002 

12 

56.17 

-0.370 

+  0.043 

6 

62.02 

-0.23 

-0.13 

-0.021 

-0.011 

6 

62.02 

-  0.438 

-0.020 

4 

70.  CO 

-0.86 

-0.45 

-0.088 

-0.043 

m 

70.77 

-0.343 

-0.015 

3^ 

79.13 

+  0.03 

+  0.30 

+  0.003 

+  0.032 

8H 

70.  OS 

-0.119 

+  0.073 

8 

87.23 

+  0.35 

+  0.22 

+  0.041 

+0.026 

9 

87.16 

-0.073 

-0.041 

8 

90.95 

-0.21 

-0.01 

-0.026 

-0.075 

23 

90.93 

+  0.025 

-0.019 

16K 

94.12 

+  0.30 

-0.34 

+0.038 

-0.044 

18 

94.40 

+  0.032 

-0.082 

15 

96.25 

+  0.92 

+0.11 

■    +0.117 

+  0.014 

19 

96.30 

+  0.255 

+  0.102 

13 

1901.02 

07.02 

+  2.23 
+  1.49 

+  0.98 
-0.32 

+  0.293 
+  0.203 

+  0.133 
-0.046 

11 

8 

^     1902.08 

+  0.303 

+0.056 

13 

13.02 

+  1.95 

-0.45 

+  0.274 

-0.067 

15 

13.02 

+  0.4G1 

+  0.021 

15 

18.55 

+  2.88 

-0.07 

+0.417 

-0.011 

14 

IS.  5  5 

+  0.568 

+0.056 

14 

[pvv];  Gore  18.31,  Elements  I   1.07 


The  partial   differential   coefficients  of  Comstock's 

method  were  then  computed,  and  it  was  found  that 
the  four  increments  Ao>,  So.  n.\T  and  S/u  had  coeffi- 
cients so  similar   that    at    least    three   of   them   would 


be  indeterminate.  This  is  made  clear  in  Table  III, 
where  the  values  of  the  coefficients  are  given  at  inter- 
vals of  twenty-five  years. 
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Table  III.     Partiai 

D tENTIAL    <  '<  >  i:i  FICIENTS 

±a 

a  a> 

At                             A  c 

,«  A  T 

-V" 

A.. 

1835 
1860 
1885 
1910 

1835 
1860 
1885 
1910 

A 
+  .0635 
+  .0827 
+  .1154 
+  .1453 

B 
- .  1 223 
-.1883 
-.1835 
-.1627 

b 
-.0556 
+.0448 
+.1050 
+  .1402 

c 

-.0610 

+  .0491 
+  .1262 
+  .1538 

c 
+  .1055 
+.1693 
+  .1492 
+  .1129 

D 

-.1849 

- . 1 52 1 
-.0727 
-.0113 

d 
-.0523 
+.0736 
+  .0937 
+  .0684 

F 
+.08754 

+  .06715 
+  .04815 

+  .03S22 

./' 
-.00740 

-.04Ki:. 
-.04583 
-  .03627 

G 

-2.52.-) 

-3.617 

-3.797 

3.970 

g 

+  0.21  1 
+  2.243 
+  3.C1  1 
+  3.638 

// 

+0.4544 

-0.5921 
+0.8261 
+  1.0408 

Table  IV.     Comparison  of  Observations  with   Elements 

11 

Dati 

Anglo 
Obs. 

i  C 

Hi 
Obs. 

stance 
O-C 

>t 

i  ili-v 

Date 

Allele 

Obs.          (  l  <  ' 

1  listance 
Obs.        <»  (' 

ii        Obs'r 

1826  ± 

343.1? 

[  + 

21.5] 

m 

[-l'l] 

? 

DUNLOP 

1890.83 

227.1 

0.0 

7.15 

+0.08 

2'1  Tebbutt 

34.79 

300.4 

- 

1.0 

2M 

[-1.4] 

2 

MR) 

90.95 

226.7 

-0.3 

6.84 

-0.24 

s      Sellors 

35.00 

302.3 

+ 

1.4 

3.65 

0.00 

43 

h,  .]•:> 

91.81 

226. 1 

-0.1 

7.26 

+  0.12 

4*4  T KB  in  i  i 

36.72 

299.5 

+ 

2.5 

1'  ■ 

[  +  0.6] 

2 

h,  (R) 

91.93 

225.0 

-1.4 

6.87 

-0.2S 

5      Sellors 

45.87 

276.0 

- 

1.8 

4.16 

+0.22 

2-1 

.1  LCOB 

92.87 

226.3 

+  0.4 

7.01 

-0.21 

3'1  Tebbutt 

46.83 

277.0 

+ 

1.1 

4.32 

+  0.33 

2 

Jacob 

'.12.97 

225.1 

-0.7 

6.85 

-0.87 

3      Sellors 

49.821 

270.0 

- 

0.5 

2 

Jacob 

93.91 

221.S 

-0.5 

6.96 

-0.33 

l      Sellors 

50.80 

268.7 

0.0 

4.32 

+  0.14 

4 

Jacob 

94.82 

225.1 

+  0.3 

7.34 

-0.01 

9"9  Tebbi  i  i 

50.85 

268.7 

0.0 

4.32 

+  0.14 

3 

Maclear 

94.96 

224.0 

-0.7 

7.35 

-0.01 

:;      Sellors 

51.79 

266.  1 

- 

0.7 

4.80 

+  0.06 

1 

Jacob 

95.87 

225.2 

+  1.0 

7.75 

+  0.32 

8'3     DOBERCK 

52.76 

264.8 

- 

0.6 

4.14 

-0.15 

4 

Jacob 

95.94 

224.0 

-0.2 

7. lie. 

+  0.23 

3      Sellors 

53.95 

263.2 

- 

0.4 

9 

Powell 

95.94 

224.5 

+  0.3 

7.47 

+  0.04 

8'6  Tebbutt 

53.99 

263.2 

- 

0.2 

4.36 

0.00 

3'2 

Jacob 

96.93 

223.4 

-0.2 

7.40 

-0.10 

3      Sellors 

54.90 

262.6 

+ 

0.5 

4.44 

+0.02 

2 

M.\  (LEAR 

96.99 

223.5 

+  0.1 

7.61 

+  0.10 

3      Tebbutt 

56.09 

26 1 . 1 

+ 

0.8 

4.70 

+  0.21 

3 

Jacob 

1900.05 

223.0 

+1.0 

8.12 

+  0.40 

3      Tebbutt 

57.96 

258.1 

+ 

0.5 

4.49 

-0.13 

3 

Jacob 

00.38 

223.5 

+  1.6 

7.69 

-0.05 

2       Lint 

61.03 

253.4 

0.0 

4.86 

+  0.13 

6-4 

Powell 

01.03 

221.8 

+  0.3 

7.80 

+  0.02 

2      Innes 

63.02 

250.9 

0.0 

4!86 

-0.10 

4 

Powell 

02.07 

222.4 

+  1.4 

7.67 

-0.18 

4      Tebbutt 

70.07 

243.0 

- 

0.1 

5.64 

+  0.15 

6-2 

Powell 

06.16 

219.8 

+  0.7 

S.90  [  +  0.781 

4      Tebbutt 

70.92 

242. 1 

- 

0.2 

5.46 

-0.09 

1 

Russell 

06.7 

221.1 

+  2.2 

8.6 

[+0.15] 

1       Hirst 

71.08 

241.6 

- 

0.5 

5.46 

-0.11 

6-5 

Powell 

07.91 

216.6 

-1.7 

8.23 

0.00 

3 '4  Tebbutt 

77.9' 

236.0 

- 

0.1 

6.36 

+  0.27 

2 

Ellert 

08.9 

217.4 

-0.5 

7.7 

[-0.58] 

1       Hirst 

78.18 

236.9 

+ 

1.0 

6.03 

-0.08 

3 

Russell 

11.37 

216.9 

+  0.1 

8.32 

-0.11 

5       Innes 

78.80 

235.0 

- 

0.4 

6.28 

+  0.12 

1 

Russell 

13.77 

215.3 

-0.6 

8.71 

+  0.14 

6      Dawson 

79.93 

237.3 

+ 

2.8 

5.44 

[-0.801 

1 

H ARC HAVE 

13.79 

215.42 

-0.5 

8.55 

-0.02 

1      Hussev 

80.44 

234.7 

+ 

0.6 

6.30 

+0.02 

1 

Russell 

13.88 

216.6 

+  0.8 

8.58 

0.00 

2      Innes 

80.47 

233.6 

- 

0.5 

6.42 

+  0.13 

5 

Tebbutt 

13.96 

214.4 

-1.4 

8.57 

-0.01 

4      Voute 

82.18 

233.0 

+ 

0.2 

7.01 

+  0.59 

1 

Tebbutt 

17.17 

214.2 

-0.3 

8.75 

-0.01 

5      Dawson 

85.19 

230.5 

- 

0.2 

7.10 

+  0.46 

1 

Tebbutt 

18.963 

213.6 

-0.2 

8.92 

+  0.07 

3      Dawson 

86.90 

230.3 

+ 

0.7 

6.74 

-0.03 

2 

Pollock 

18.963 

214.8 

+  1.0 

8.89 

+  0.04 

3      Tapia 

87.13 

231.8 

+ 

2.4 

6.90 

+  0.11 

2 

Tebbutt 

19.763 

214.1 

+  0.6 

8.82 

-0.07 

2      Tapia 

87.86 

229.2 

+ 

0.3 

6.95 

+  0.10 

43 

Tebbutt 

19.763 

213.4 

-0.1 

9.06 

+  0.17 

2      Dawson 

87.91 

228.8 

— 

0.1 

6.42 

-0.43 

43 

Pollock 

(1)     Original  Publi< 

ation 

not   seen. 

89.87 

227.0 

— 

0.7 

7.00 

0.00 

3  2 

Tebbutt 

(2)     Correct  i 

ng  evk 

ent  mist  ;ike  of  10°. 

89.94 

227.7 

0.0 

7.04 

+  0.04 

5  4 

Pollock 

(3)     Hitherto  unpu 

dishei 

. 
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In  spite  of  this  the  normal  equations  were  formed 
and  an  attempt  was  made  at  elimination,  but  this 
only  confirmed  the  previous  conclusion.  The  elimina- 
tion of  the  three  besl  determined  quantities  left  no 
coefficient  greater  than  0.55,  and  to  eliminate  a  fourth 
would  have  reduced  all  the  coefficients  of  the  remain- 
ing three  to  less  than  0.11.  This  makes  it  evident 
that  the  problem  is  not  yet  ripe  for  a  definitive  solu- 
tion, and  probably  will  not  be  for  many  years  to  come. 
The  best  that  can  he  done  at  present  is  to  determine 
a  set  of  elements  which  will  represent  the  observations 
to  date  and  furnish  an  ephemeris  for  comparison  until 
a  better  solution  can  he  made. 

In  view  of  this  indetennination  the  only  corrections 
applied  were  S&  =  -0°.116  and  Aa  =  +0".0238. 
These  are  independent  of  each  other  and  were  com- 
puted  from  their  respective  normal  equations  sup- 
posing all  other  corrections  zero.  Their  application 
reduces  tic  [pvv]  of  the  normal  places  from  1.07  to 
1.(14.  The  gain  is  inappreciable,  but  so  also  would  lie 
riiat  from  the  application  of  all  the  corrections  that 
ould  he  determined,  for  the  quantity  \>niA]  is  0.98. 
Applying  these  corrections  to  Elements  I,  we  obtain 
the  following  provisional  elements: 

Elements  11 


p 

= 

2 is.'.)  years 

T 

= 

1806.14 

e 

= 

H.721 

a 

= 

8".025 

u- 

= 

301°.40 

i 

= 

±114.26 

a 

= 

1.03  1  L880 

Table  V.     Ephemeris.   1920—  1940 


The  observations  used  and  their  residuals  when 
compared  with  Elements  II  are  given  in  Table  IV. 

While  these  elements  are  of  necessity  uncertain,  vet 
they  should  represent  the  apparent  motion  for  several 
years  to  come.  An  ephemeris  for  the  interval  1920  — 
1940  is  accordingly  given,  in  which  an  extra  decimal 
place  has  been  retained  to  facilitate  accurate  inter- 
polat  ion. 


1920.0 

213.43 

8.903 

21 

12.96 

8.965 

22 

12.50 

'.t.()2.-. 

23 

12.04 

.084 

24 

11.59 

.141 

1925.0 

211.14 

9.196 

26 

10.70 

.249 

27 

10.27 

.300 

28 

09.84 

.350 

29 

09.42 

.397 

1930.0 

209.00 

!t.443 

31 

08.59 

.486 

32 

08.18 

.528 

33 

07.77 

.568 

34 

07.36 

.605 

1935.0 

206.95 

9.640 

36 

06.55 

.673 

37 

06.15 

.704 

38 

05.76 

.732 

39 

05.37 

.758 

1940.0 

204.98 

9.781 

Note:  In  the  computation  of  the  differential 
coefficients  it  was  noticed  that  if  we  form  the  constant 
auxiliary,  t  =  0.01745  a2  cos  ci  cos  i  we  shall  have,   in 

Comstock's    notation.    F  =  —  - ,    which    is    simpler 

s 

than  the  form  he  gives.  If  the  quantity  F  is  com- 
puted by  both  formulas  this  will  furnish  a  rigorous 
cheek  on  the  three  quantities  .1,  B,  and  F.  If  an 
ephemeris  has  been  computed  for  equidistant  epochs, 
an  approximate  check  on/  (and  consequently  on  b  and 
c  as  well)  may  also  be  obtained  by  interpolating  the 
first  order  differences  to  the  middle  and  dividing  the 
resulting  quantities  by  the  _\.l/  corresponding  to  the 
interval  of  the  ephemeris. 


La  Phil.,.  October,  1919. 
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OBSERVATIONS  OF  WOLF'S  PERIODIC  COMET, 
By  e  e.  barn  \im>. 


Wolf's  comet  was  found  visually  by  the  writer  a1 
the  present  return  on  1918  July  11  (H.  C.  ().  Bulletin 
No.  665).  The  discovery  was  promptly  announced  by 
telegraph  and  cabled  by  the  Harvard  College  Observa- 
tory. It  was  closely  following  the  ephemeris  of 
M.  Kamensky,  printed  in  the  Astronomical  Journal, 
but  I  was  unable  to  look  for  it  earlier.  On  July  16 
announcement  was  received  in  this  country  that  it  had 
been  found  on  July  9  at  Greenwich  by  Jonckheere, 
who  gave  an  approximate  position  of  it  ill.  CO. 
Bulletin  No.  666).  This  was  our  first  intimation  that 
the  comet  had  been  seen  elsewhere. 

It  is  a  curious  fact  that  a  similar  thing  happened  at 
the  first  predicted  return  of  this  comet  in  1891,  when 


it  was  found  by  the  writer  with  the  12-inch  telescope 
at  the  Lick  Observatory  on  May  :■!,  with  the  aid  of  an 
ephemeris  by  Berbeeich.  The  discovery  was  at  once 
telegraphed  (A.  V.  3033,  Bd.  127,  p.  I  19).  All, award 
it  was  found  (A.N.  3035,  Bd.  27.  p.  183)  that  the 
cornel  had  been  seen  by  Si'italer  at  Vienna  with  the 
27-inch  refractor  on  May  1.  but  announcement  of  his 
discovery  had  been  delayed  because  of  uncertainty. 

At  the  present  return  the  cornel  appealed  most  of 
the  time  to  brush  out  into  a  small  fan-shaped  tail  with 
a  hunt  nucleus  eccentrically  placed  in  the  nebulo  ity. 
Throughout  the  apparition  tl  very  closely  followed 
the  excellent  ephemeris  of  M.  Kamenskh  (A.  J., 
Vol.  XXXI.  pp.  66,  145). 


Measures   of  the   Comet 


Date 

Cent.  Stan. 
Time 

A  a  cos  8 

a,/ 

A3 

Comps 

a  App. 

i  App. 

log  pA 
a                    o 

* 

1918 

July    11 

h      m       s 

11  23  52 

' 

-0  33.52 

-2    0.7 

12/.,.(i 

h    mi      s 
20  34     '.1.97 

+  24  57     52.0 

9.3344n 

0.4624 

1 

11 

11  53  14 

-(1  32.33 

+4  14.0 

6fr,6 

20  34    8.61 

+  24  58        3.1 

9.1987/! 

0.4440 

2 

16 

12  59  57 

-    17.7 

-0    1.31 

+ 1     2.S 

4 

7 

20  31  21.31 

+  25  41      13.3 

8.3617 

0.4031 

3 

18 

12  58  11 

-165.0 

-0  12.23 

+  0  53.3 

3 

5 

20  30    7.3 

+  25  55.9 

S. til  121 

0.3997 

4 

30 

8  57     1 

+  262.9 

+0  19.64 

-1  22.3 

4 

6 

20  21  35.19 

|  26  hi       1.5 

9.5051?i 

0,191  1 

5 

Aug.     1 

10  55    6 

+  183.8 

+  0  13.73 

-2    5.7 

4 

8 

20  19  56.51 

+  26  47     51.9 

8.91387J 

0.3802 

6 

6 

8  34    5 

+  253.4 

+  0  18.92 

+  0    9.0 

4 

6 

21)  Hi    3.26 

+  26  43      24.2 

9;4857fl 

0.481  1 

7 

27 

8    0  24 

+  217.0 

+  0  15.84 

+0  55.9 

4 

6 

20    2  31.3 

+  23  59.5 

9.276571 

(1.4757 

8 

Sept.    5 

10  36  21 

+  162.2 

+  0  11.64 

+0  36.2 

4 

li 

19  59  5  1.2 

+  21  42.8 

9.2945 

0.5051 

9 

7 

10  30  23 

+  104.6 

+  0    7.47 

-2  48.3 

5 

6 

20    0  25.2 

+  21     8.3 

9.2967 

0.5353 

10 

12 

11  37  46 

-115.5 

-0    8.19 

-0  38.3 

4 

6 

20    0  40.1 

+  19  35.1 

9.5289 

0.5999 

11 

17 

9  34  49 

-     8.3 

-0    0.58 

-1    6.0 

4 

8 

20    2  16.91 

+  17  59      52.5 

9.2201 

0.5752 

12 

19 

10  58  47 

-    57.8 

-0    4.04 

+  2    3.3 

5 

8 

20    3  15.83 

+  17  18     21.3 

9,19  11 

0.6274 

13 

21 

10  44  20 

+  113.5 

+  0    7.89 

+3  21.5 

5 

ti 

20    4  22.91 

.  16  -7     32.9 

9,1771 

0.6253 

14 

24 

7  59  47 

+  2    0.4 

3 

+  15  38.4 

0.6493 

15 

24 

7  56  35 

+  202.2 
-150.6 

+  0  13.99 
-0  10.39 

9 

20    6  31.2 

9.51  19 

15 

26 

10  44  23 

-1  10.9 

5 

(i 

20    7  56.67 

4-  1  1  52      57.9 

9.5065 

0.6580 

16 

28 

11  32  16 

+  21.0 

+  0    1.44 

-0  15.5 

4 

7 

20    9  42.08 

+  14    9      55.4 

9.5832 

0.6920 

17 

Oct.     3 

10  20  43 

+  179.3 

+  0  12.24 

+  2  28.1 

5 

s 

20  14  43.7 

+  12  24.9 

9.4955 

0.6812 

18 

(145) 
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Date 

Cent.  Stan. 
Time 

A  a  cos  S 

Aa 

a8 

( iomps. 

a  A]i]>. 

8  App. 

log  pA 

a                        o 

* 

1918 

Oct.      5 

li       m        s 

7  29  55 

-243.9 

-0  16.60 

-3  33.2 

5  ,  8 

h      ra 

20  16  55.8 

+  11  4.->.l 

8.4314 

0.6513 

19 

8 

10  25  24 

+  128.7 

+  0    8.73 

+  0  23.7 

5 

8 

20  20  50.4 

+  10  38.7 

9.5145 

0.6981 

20 

12 

7    4  18 

+    17.1 

+  0    1.16 

-3  16.5 

6 

6 

20  26  13.2 

+ 

9  17.1 

8.1139 

0.6803 

21 

29 

s   IS   II 

-178.9 

-0  11.96 

-0  25.0 

5 

6 

20  56  36.2 

+ 

2  59.2 

9.3304 

0.7497 

22 

Nov.     2 

7     1  53 

-    24.7 

-0     1.64 

-0  33.2 

5 

7 

21    4  55.5 

+ 

2  49.3 

8.9638 

0.7482 

23 

5 

6  30  11 

+  252.4 

+  0  16.84 

-ii  29.7 

5 

0 

21  11  42.2 

+ 

2     1.1 

8.9128 

1 1. 75.il 

24 

12 

7  38  2  1 

-132.3 

-0    8.82 

+  0  34.5 

5 

s 

21  27  54.76 

+ 

0  23        8.1 

9.2695 

0.7694 

25 

23 

6  21  53 

+   60.6 

+0    4.04 

+  1  33.6 

5 

8 

21  55  23.71 

- 

1  40     36.0 

8.8865 

0.7867 

26 

26 

6  26  54 

+  253.9 

+  0  16.94 

-  2  20.3 

5 

s 

22    3  16.7 

- 

2     7.6 

8.9823 

0.7889 

27 

30 

6  31  55 

-   99.9 

-0    6.67 

-2  34.6 

5 

8 

22  13  56.71 

- 

2  39     31.7 

9.0492 

0.7931 

28 

Dec.     7 

6  37  59 

+   59.0 

+  0    3.94 

-3    2.0 

5 

6 

22  33    1.64 

- 

3  22     42.0 

9.1959 

0.7980 

29 

14 

6  22    3 

-   47.6 

-0    3.18 

+4  31.1 

5 

S 

22  52  25.91 

- 

3  50     52.5 

9.0969 

0.8014 

30 

17 

1919     *■  ' 

7  25  58 

+  104.1 

+  0    6.96 

+  3  19.0 

4 

6 

23    0  57.23 

- 

3  58     42.9 

9.1367 

0.8021 

31 

Jan.    18 

6  29  37 

-151.9 

-0  10.14 

-0    2.5 

5 

6 

0  30  39.39 

- 

3  10     11.5 

9.3160 

0.7952 

32 

25 

6  30  53 

+  160.2 

+  0  10.69 

-4  35.5 

5 

6 

0  49  56.7 

- 

2  36.1 

9.3766 

0.7903 

33 

28 

6  35    3 

+  53.3 

+0    3T.56 

-1     6.4 

4 

6 

0  58    9.18 

- 

2  19     35.6 

9.3729 

0.7882 

34 

Feb.      1 

6  53  38 

+  153.4 

+0  10.24 

-2    0.9 

6 

8 

1    9    4.0 

- 

1  56.3 

9.4346 

0.7846 

35 

4 

6  33    2 

+  68.0* 

+  0    4.53 

+  2  22. 2 

5 

6 

1  17    6.94 

- 

1  38     23.5 

9.3892 

0.7832 

36 

11 

6  59  32 

+   93.1 

+  0    6.21 

|  1  53.9 

5 

8 

1  35  54.42 

- 

0  53     57.6 

9.4683 

0.7782 

37 

15 

6  55  44 

+  149.8 

+0    9.99 

+  3  40.6 

4 

6 

1  46  29.57 

- 

0  27     38.3 

9.4757 

0.7752 

38 

18 

6  48  45 

+   76.9 

+  0    5.12 

+  2     1.4 

5 

6 

I  54  20.8 

- 

0    7.6 

9.4698 

0.7730 

39 

25 

6  55  35 

-196.7 

-0  13.12 

+  1     2.2 

6 

8 

2  12  36.6 

+ 

0  38.3 

9.4997 

0.7686 

40 

Mar.  18 

7  30  49 

+  265.5 

+  0  17.72 

+0  25.0 

4 

6 

3    li     1.16 

+ 

2  54     36.6 

9.5877 

0.7604 

41 

22 

7  28  36 

+  175.5 

+0  11.72 

-1  13.1 

3  .  4 

3  15  56.05 

+ 

3  18       2.0 

9.5899 

0.7597 

42 

Apr.      1 

7  33  39 

-262.0 

-0  17.51 

-2  50.3 

3  ,  7 

3  40  24.16 

+ 

4  11      47.3 

9.6075 

0.7581 

43 

1 

7  43  29 

-246.8 

-0  16.50 

3 

3  40  25.17 

9.61  19 

43 

*  ?  if  following  or  preceding. 


Mean  Places   of  Comparison    Shirs 


* 

a  1918.0-1919.0 

8  1918.0-1919.0 

Red.  u 

>  appt. 

Authority 

1 

b       m        s 

20  34  39.78 

+  24  59 

41.0 

+  3^71 

+  11.7 

Berlin  A.G.C.  7825. 

2 

20  34  37.23 

+  24  53 

37.4 

+  3.71 

+  11.7 

Berlin  A.G.C.  7824. 

3 

20  31   18.84 

+  25  39 

57.4 

+  3.7S 

+  13.1 

12H— 13  mag.  Comp.  with  Camb.  (Eng.)  A.G.C.  11515 

4 

20  30  15.7 

+  25  54.8 

+3.80 

+  13.6 

12.5  mag.     Compared  with  B.D.  +25°  4290. 

5 

20  21   11.67 

+  26  47 

7.3 

+  3.88 

+  16.5 

lOmag.     Compared  with  Camb.  (Eng.)  A.G.C.  11261. 

6 

20  19  38.89 

+  26  49 

40.5 

+3.89 

+  17.1 

12  mag.     Compared  with  Camb.  (Eng.)  A.G.C.  11222. 

7 

20  15  40.34 

+  26  42 

56.9 

+  4.00 

IS. 3 

I2y2  mag.     Comp.  with  Camb.  (Eng.)  A. (I.e.  11122. 

8 

20     2  11.7 

+  23  58.3 

+  3.79 

+  22.3 

B.D.  +23°  3892. 

9 

19  59  38.9 

+  21    11. s 

+  3.73 

+  23.3 

B.D.  +21°  4031. 

10 

20     0   14.(1 

+  21    10.7 

+  3.70 

+  23.5 

B.D.  +21°  4038. 

11 

20     0  44.6 

+  19  35.3 

+  3.66 

+  24.1 

10^  mag.     Compared  with  B.D.  +19°  4267. 

12 

20     2  13.85 

+  18     0 

34.0 

:;  64 

+  24.5 

Berlin  (.1)  A.G.C.  7926. 

13 

20     3    16.25 

+  17    li 

53.7 

+  3.62 

+  24.3 

Berlin  (A)  A.G.C.  7943. 

14 

20     4   11.42 

+  16  33 

47.0 

+  3.60 

+  24.4 

Berlin  (A)  A.G.C.  7954. 
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* 

a    1918.0-1919.0 

8   1918.0-1919.0 

Red.  i 

Ant  In 

15 

20     6 

13.6 

+  15 

36.0 

• 

+  3.01 

■  24.6 

10  mag.     Compared  with  B.D.  +15°  4007. 

16 

20     8 

3.40 

+  14 

53 

1  l.o 

•  3.60 

+  24.S 

g  1  A.G.C.  7707. 

17 

20     9 

37.05 

+  14 

9 

40.1 

+  .'5.50 

+  24.8 

/  A.G.C.  7788. 

IS 

20   14 

27.9 

+  12 

22.0 

+  3.50 

+  24.S 

B.D.  +12°  4279  (9.3). 

19 

20   17 

8.9 

+  11 

48.3 

+  3.55 

+24.9 

B.D.  +11°  4233. 

20 

20  20 

38.2 

+  10 

37.9 

+  3.54 

+  24.7 

B.D.  +10°  4271. 

21 

20  26 

13.2 

+   9 

17.1 

+3.55 

+  25.1 

B.D.  +   9°  4552. 

22 

20  56 

36.2 

+  3 

59.2 

+  3.56 

+  25.3 

B.D.    |    :;   4482. 

23 

21     4 

53.6 

+  2 

40.5 

+  3.54 

12^  mag.     <  lompared  with  B.D.  +2°  4308. 

24 

21   11 

11.2 

+  2 

3.0 

+  3.55 

+  25.3 

14  mag.     Compared  with  B.D.  +T4451. 

25 

21  27 

59.99 

+  0 

22 

8.2 

+  3.59 

+  25.4 

\  icolaji  ir  A  .<:.(.  5465. 

26 

21  55 

16.03 

-    1 

42 

35.1 

+3.64 

+  25.5 

12  mag.     Compared  with  Nicolajew  A.G.C.  5543. 

27 

22     2 

56.2 

_   2 

5.7 

4  3.63 

+  25.4 

12  mag.     Compared  with  B.D.    -2°  5697 

28 

22  13 

59.75 

—    2 

87 

22.5 

+  3.03 

+25.4 

Strassburg  A.G.C.  7764. 

29 

22  32 

54.02 

-   3 

20 

5.3 

+  3.08 

+  25.3 

13.2  mag.     Compared  with  Strassburg  A.G.C.  7853. 

30 

22  52 

25.40 

-   3 

55 

48.8 

+  3.00 

+  25.0 

11  mag.     Compared  with  Strassburg  A.G.C.  7928. 

:il 

23     0 

46.55 

-    4 

2 

20.0 

+  3.72 

+  25.0 

B.D.  -4°  5819.    ( lompared  with  Strassburg  A.G.C.  7970 

32 

0  30 

48.83 

-   3 

10 

11.0 

+  0.70 

+   2.6 

13'j  mag.     Compared  with  Strassburg  A.G.C.  122. 

33 

0  49 

45.2 

—    2 

31.5 

+  0.80 

+    1.9 

B.D.  -2°  120. 

34 

0  58 

4.80 

—    2 

18 

30.9 

+  0.82 

+    1.7 

12J/2  mag.     Compared  with  Strassburg  A.G.C,  234. 

35 

1     8 

52.9 

-    1 

54.3 

+  0.87 

+  .1-4 

IP.,  -  12  mag.     Compared  with  B.I).  -2°  187. 

36 

1    17 

1.57 

-    1 

40 

io. s 

+  0.84 

+   1.1 

103/9  mag.     <  lompared  with  Strassburg  A.G.C.  302. 

37 

1   35 

47.32 

-    0 

oo 

52.6 

1-0.89 

+   1.1 

133^  mag.     Compared  with  Nicolajew  A.G.C.  333. 

38 

1  46 

18.71 

-   0 

31 

19.:; 

+0.87 

+   0.4 

13  mag.     Compared  with  Nicolajew  A.G.C.  364. 

39 

1    54 

14.8 

-   0 

9.6 

+  0.87 

-    0.1 

123^  mag.     Compared  with  B.D.  -0   303. 

40 

2  12 

48.8 

+  o 

37.3 

+  0.87 

-    0.6 

B.D.  +0°374. 

41 

3     5 

42.58 

+    2 

54 

13.7 

+  0.86 

-    2.1 

123^  mag.     Compared  with  Albany  A.G.C.  904. 

42 

3  15 

43.50 

+  3 

19 

17.6 

+  0.83 

-    2.5 

123^  mag.     Compared  with  Albany  A.G.C.  907. 

43 

3  40 

ID. so 

+  4 

14 

40.7 

+  0.87 

-   3.1 

?  mag.     Compared  with  Albany  A.G.C.  1101. 

Measures    of   Comparison   Stars 

Date 

',  .1     CO      " 

A  a 

A3 

<  '"inps. 

1919 

Nov.     1 

Star    3 

—  Cambridge  (Eng.)  A.G.C.  11515 

• 

- 1"  18*53 

+4     7.1 

I2tr,  3 

1910 

Nov.    4 

Star       1 

—  B.D.  +25c  1200 

-1     0.27 

-0     8.6 

12*r,  3 

1918 

July   30 

Star    5 

Cambridge  (En  /.>  A.G\C.  11261 

-    72.4 

-0     5.41 

-3  52.6 

3    ,  3 

1918 

Aug.      1 

Star     0 

—  Cambridge  (Eng.)  A.G.C.  11222 

+  191.3 

+  0   14.29 

-2   17.4 

3   ,  3 

1918 
1918 

Aug.     6 ) 
Sept.  19] 

Star    7- 

—  Cambridge  (Eng.)  A.G.C.  11122 

+212.2 

+0   15.84 

-1     7.2 

5    ,  6 

1918 

Sept.  12 

Star  11 

—  B.D.  +19-1207 

+  0  41.11 

+  0  47.9 

12tr,  3 

1919 

Nov.    4 

Star  15 

—  B.D.  +15'  4007 

i   220.6 

+  0   15.27 

+  2   15.2 

3    ,  3 

1918 

Nov.     2 

Star  23 

—  B.D.  +2°  4308 

-0  53.71 

-0  15.4 

18ir,  4 

1918 

Nov.     5 

Star  '-'4 

-B.D.  +1°4451 

+  160.0 

+  0  10.67 

-2  47.3 

4    ,  4 

1918 

Nov.  23 

Star  26 

—  Nicolajew  A.G.C.  5543 

+  110.7 

+  0     7.38 

+  3  47.4 

4    ,  4 

1918 

Nov..  26 

Star  27  - 

-B.D.  -2°  5697 

+319.0 

+  0  21.32 

+  2  37.6 

4    ,  4 

1918 

Dec.     7 

Star  29  - 

—  Strassburg  A  .G.(  .  7853 

-0  58.77 

-0  39.3 

12*r,  4 

1918 

Dec.    14 

Star  30  - 

—  Strassburg  A.G.C.  7928 

-    54.5 

-0     3.64 

+  2     2.9 

4   ,  5 
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Date 

A  a  cos  6 

A  a 

aS 

Comps. 

1918 

Doc. 

17 

Star  31  - 

-Strassburg  A.G.C.  7970 

" 

+0  21.72 

+  6   17.2 

1919 

Jan. 

18 

Star  32- 

l.G.C.  122 

-287.1 

-0  19.17 

+  2  59.4 

4    .  4 

1919 

Jan. 

2S 

Star  34  - 

-Strassburg  A.G.C.  234 

-1  42.97 

+  0  47.2 

lOtr,  3 

1919 

Feb. 

1 

Star  35  - 

-B.D.  -2°  is? 

-1  28.70 

-3     0.2 

6tr,  3 

1919 

Feb. 

4 

Star  36 

irg  A.G.C.  302 

+251.8 

+0  16.79 

+  3  21.2 

3    ,  3 

1919 

Feb. 

11 

Star  37  - 

-Nicolajew  A.G.C.  333 

-1  26.56 

-0  56.6 

8tr,  4 

1919 

Nov. 

15 

Star  38  - 

-Nicolajew  A.G.C.  364 

+  0  30.10 

+  5  20.5 

Utr,  6 

1919 

Feb. 

18 

Star  39  - 

-B.D.  -0°303 

-1     6.64 

-0     0.8 

Str,  3 

1919 

Mar. 

18 

Star  41  - 

-Albany  A.G.C.  904 

+  0  41.34 

-  1  46.8 

lOtr.  2 

1919 

Mar. 

22 

Star  42  - 

-Albany  A.G.C.  967 

- 1     8.82 

-3  48.0 

8tr,  2 

1919 

Apr. 

1 

Star  43  - 

-Albany  A.G.C.  1101 

-312.9 

-0  20.92 

+  3  38.8 

3    ,  3 

The  comparison  star  for  Augusl  21   I  No.  8)  is  double. 
It  is  B.D.  +23°3892  (9M.5 

1918.654  Aug.  27  P.  A.  161.53  Dist.  0.72   10M  —  11M 
.698  Sept.  12  158.26  0.72 


1918.676  159.90  0.72 

Star  31  —B.D.  -4C5814 
B.D.  -4°5814  —  Strassburg  A.G.C.  7970 
This  gives  for  the  position  of  B.D.  — 4°5814: 
1918.0     a  23h0m20a.55     5-4°0'22".9. 


Star  15  was  compared  also  with  a  9J^M  —  10M  star 
north  preceding.     Aa  193".l  (3),  AS  77".8  (3). 

On  December  17  Star  31  was  compared  with  B.D. 
—  4°5814  and  this  in  turn  was  measured  with  B.D. 
-4°5815  =  Strassburg  A.G.C.  7970. 


Aa  +0'"  26s.00  (10  tr.) 

Aa  -63".98  =  -0m    4S.28     (4) 


AS  -2'    4".0     (3) 
Ao  -4'  13".2     (4) 


Star  No.  4(1  B.D.  +0°374  (9M.2)  was  compared 
directly  with  B.D.  +0°375  (9.5).  Aa  131".2  (4)  = 
8  .75,  Ao  53".3  (3). 


Notes  on  the  Appearance  of  the  Comet 

1918     July    11.     14  mag.     Y2   or  34'  diameter.     Almost  a  stellar  nucleus  in  the  following  part  with  a  brushing 
out  of  the  nebulosity  preceding. 
16.     14  mag.      \4!  diameter.     A  little  brighter  at  the  following  edge. 

18.  14j/£  mag.     There  seemed  to  be  a  small  nucleus  or  brightening  in  the  following  part. 
30.      14  mag.     Small  nucleus  near  the  north  following  edge. 

Aug.     1.     14J-2  mag.      l/-2   diameter.     Small  speck  in  the  north  part. 

6.  13J/0  mag.     Y2    diameter.     Condensation  in  the  north  following  part. 
27.     13  mag.     Faint,  indefinite  nucleus. 

Sept.    5.     13J4  mag.      Very  small  nucleus  of   14  mag.     A  faint  diffusion  south  following  1'.  forming  a 
fan-shaped   tail. 

7.  14  mag.  with  a  faint  nucleus  and  fan-shaped  tail  extending  south  following  1'. 

12.     13  mag.  with  faint  nucleus  or  condensation.     The  nebulosity  extends  south  following  to  form 
a   fan-shaped    tail. 

19.  lS}/^  mag.      Fairly  well   seen  as  a  small  spot   3"  —  4"   diameter.      Rather   faint,  in  bad  seeing 

and  full  moonlight 
21.     Fairly  well  seen  but  not  so  definite  as  before. 
24.     Observation  incomplete  from  clouds. 
26.     13  mag.     Small  brighter  condensation  in  north  side. 
Oct.      3.     I23/2  mag.     A  condensation  to  almost  a  nucleus;    short  brushy  tail  south  following. 
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1918 


1910 


Oct. 

8. 

29. 

Nov 

5. 

12. 

23. 

26. 

30. 

Dec. 

7. 

14. 

17. 

Jan. 

IS. 

25. 

28. 

Feb. 

1. 

4. 

11. 

15. 

18. 

25. 

Mar. 

18. 

Apr. 

1. 

13  mag.     It  appeared  as  in  previous  observations. 

13  mag.     K'  diameter.     Small  nucleus  of  13'.,  mag.,  no1  sharp  but  nearly  so. 

13  mag.     1'  diameter.     Strongly  condensed  to  possibly  a  Taint  nucleus. 

Somewhat  condensed.      Rather  faint  on  white  sky  and  dim  from  moon  and  bad  seeing. 

1334  mag.     1'  diameter.     H.  strongly  condensed  to  possibly  a   L3  mag.  nucleus. 

1'  diameter.     R,  mbM  to  a  12}4  mag.  nucleus.      Faintly  visible  in  4-inch  finder. 

1334  mag.     2' diameter:   stronglj  condensed.     Perhaps  feeblj   visible  in   t-inch  finder. 

1'  —  2'  diameter.     /?,  gbM.     It  was  perhaps  larger  and  less  strongly  condensed. 

Rather  faint  in  nearly  full  moonlight. 

Faint  in  moonlight  and  poor  sky. 

133^2  mag.      1'  —  2'  diameter:    mbM  to  almost   ;i  nucleus. 

1334  mag.      134'  diameter;    mbM. 

14  mag.      1 J  2'  diameter;  bM  to  almost  a  nucleus. 

14  mag.      1 !  •  /  diameter;  gbM  to  nearly  a  nucleus. 
Faint,  14  mag.     R,  gbM. 

Faint  in  moonlight. 

Faint,  14  mag.,  but  rather  strong  central  brightness. 

143^2  —  15  mag.     1'  diameter.     R,  vgbM. 

15  mag. 

Rather  faint,  15  mag.     1'  diameter.     Not  very  strongly  condensed. 
1534  mag.     34'  diameter.     A  little  brighter  in  the  middle. 


Nebulae  Near  the  Comet 

Part  of  the  time  the  comet  seemed  to  be  in  a  region 
of  small  nebulae,  several  of  which  were  observed  near  it. 

1919  Jan.  18.  Nebula  15  mag.;  5"±  diam.; 
bM.  Compared  with  a  12  mag.  star  whose  rough 
place  is: 

1855.0     o  0h  28m  2s,     5  -  3°  26' 

Neb.  -  star  Aa  -  163".  1  (5)  =  -  108.89,  AS  -  0' 
54".4(6).     Rough  position  of  nebula: 

1855.0     o  0h27m50s     5  -  3°  31' 

1919  Jan.  28.  Two  nebula.'  were  near  the  comet, 
one  in  the  field  with  it. 

No.  1.     15  mag.;    3-4'  diam.;    R,  gbM  to  almost  a 


nucleus.     Measures  with  same  comparison  star  as  for 
the  comet. 

Neb. -star     Aa  -  218".6     (3)  =  -148.58,     AS  -  3' 
48".8  (3).     Position  of  nebula: 

1919.0     a  0h  57m  50s.22,     5-2°22'19".7 

No.    2.     15   mag.:     34'   diam.;     bM.     This    second 
nebula  was  compared  with  the  first  one. 

Neb.  2  — Neb.  1  Aa  +  26s.75  (4  tr.),  AS  -1'  15".3 
(2).     This  gives  the  position: 

1919.0     a  0h  58m  168.97,     5-2°23'35".0 


Yerkes  Observatory,  Williams  Bay,  Wisconsin, 
1919,  November  24. 


OBSERVATIONS   OF   70   OPHIUCHI  =  S  2272, 

MADE    WITH    THE    26-INCH    EQUATORIAL    OF    THE    V.    S.    NAVAL    OBSERVATORY. 

[Communicated  by  Rear  Admiral  J.  A.  Hoogewerff,  Superintendent] 


This  binary  is  in  position  a  =  18h  0m.4,  5  =  +2°  31' 
(1900).  Each  observation  is  the  mean  of  four  settings 
in    each    coordinate    and    is    corrected    for    refraction. 


The  nomenclature  of  the  faint    stars  in  the  field  is 
that  of  Burnham,  Part  II,  p.  775. 
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Date 

p 

A  and  B 

Seeing 

Power 

Oba 

Date 

V 

A  and  d 

Seeing 

Power 

Obs. 

1918.748 

1918.772 
191!). :.(Mi 
1919.577 

L38.55 
137.96 
L34.69 
135.23 

5.02 
5.13 
5.49 
5.43 

P 
V 
V 
V 

367 
367 

403 
388 

Hl 
Hl 
B 
B 

1018.767 
1019.500 
1919.632 
1919.681 

30.76 
30.68 
30.60 
30.78 

115.98 
116.41 
116.65 
116.67 

V 

p 

V 

p 

367 
495 
388 
388 

Hl 
B 
B 
B 

1919.610 

L34.80 

5.37 

V 

388 

B 

.1  and  e 

.1   and  a 

1018.753 

95.98 

115.91 

f 

367 

Hl 

1918.753 
L919.495 

228.26 
228.76 

38.13 

37.84 

f 

V 

367 
388 

Hl 
B 

1010.500 
1010.681 

96.13 
95.96 

116.02 
115.92 

f 

V 

495 
388 

B 
B 

1919.577 
1919.744 

228.74 

220.H7 

H7.17 
37.08 

V 

f 

388 
495 

B 
B 

.4  and  / 

1919.495 

330.85 

155.72 

p 

388 

B 

.4  and  b 

1919.632 

330.81 

156.84 

f 

388 

B 

1919.495 

263.23 

69.18 

p 

388 

B 

1919.710 

331.09 

156.58 

V 

388 

B 

L919.577 
1919.744 

263.26 
262.76 

(18.72 
68.00 

V 
9 

388 
388 

B 
B 

A  and  g 

1918.769 

234.44 

149.74 

I 

367 

Hl 

A  and  c 

1910.407) 

234.47 

148.91 

V 

388 

B 

1918.758 
L919.500 

65.10 
64.95 

107.2  4 
L08.02 

V 

I 

367 

405 

Hl 
B 

1910.681 
1010.744 

234.61 
234.66 

148.64 
148.68 

V 

f 

388 
388 

B 
B 

1919.632 

64.77 

108.42 

f 

388 

B 

Observers, 

El  =  A.  Hall,    B  =  Ern 

est  Clare  Bower 

Washington, 

D.  C,  1919, 

Nov    :.'. 

ELEMENTS  AND   EPHEMERIS   OF   1903   NF. 

By  ERNEST  CLARE   BOWER. 
[Communicated  by  Rear  Admiral  J.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent.] 


ivilT. 

Astrographic 

aloro               o, 

p„p 

p*p 

Si 

Comparison  Stars 
Astr.  Tul 

i  )l  iserver 

Inst. 

Residuals 
trom  orbit 

cos  ''A"  A  * 

1 '.«..: 

1  i  Dec.  12  15331 

C.'.           id  19163 

(3            16.21228 

(4)           17.27<>i>7 

18.24274 

(6)  19.28500 

(7)  19.30169 

86  J7    7.7 
85  26  54  1 
85  26  •;.".  8 
85  Ki  13.1 

84  56  11.0 
84   in  39.5 

si  in  26  ii 

-  '•  37  24.7 
'J  20  32.8 
'i  20  28.8 
;i  L6  27.9 
9  12  52.6 
9    'i  1  1  6 

+9    9    8.1 

0.524?! 

0.079» 
9.479n 
0.373 

(1.122 
0.506 
0.584 

0.645 
0.636 

in,:;.-, 
0.642 
0.639 
0.650 

or,.-,.-, 

0*8 

+9.05  48,  22,  27,  30,  32,  35,  39,  44 

Peters 

DiNWIDDIE 
DiNWIDDIE 

Peters 

DiNWIDDIE 
DiNWIDDIE 

6-inch 
26-inch 
26-inch 

6-inch 

26-inch 
26-inch 

+0*4  -0T 
-0.3  -0.8 
+0.5      0.0 
-0.6  +1.6 
-1.9  +0.4 
-0.2  -0.1 
+  1.5  -0.1 

0.7 

+-9.05  111,  98,  104,  106,  115,  123,  126,  131,  135 

The  only  available  observations  of  this  asteroid  have 
been  obtained  at  Washington. 

Observations  (1)  and  (4)  were  made  with  a  6-inch 
Dallmeyer  port  rail  lens  attached  to  the  26-inch 
equatorial.  The  plates  were  measured  and  reduced 
by  the  writer  using  Wilson's  Method  {Goodsell  Obs. 
Pub.  No.  .v. 

The  orbit   by   Dr.   A.    Estelle  Glanci    {A.J.  31, 

56),  corrected   !■  method   (I. id:  Pub.  7), 

i  he  above  residuals. 


Elements  and  Constants  for  Equator 

Epoch  =  1904  Jan.  20.0  G.  C.  T. 

M  =  91°.53475  m0  =  12.0 

n  =     0°.2345615  g  =    8.9 

log  «  =     0  .415632 

e  =     0  .154486 

i  =     12°  45'    7".31 

Q,  =  221    14   28  .4>  1900.0 

co  =  122    52  35  .7) 

x  =  r [9.995352]  sin  (  73°  24'  34".9  +  V)) 

y  =  r[9.987567]  sin  (341    21   48  .9  +  F)>  1900.0- 

z  =  r[9.442748l  sin  (14     3   50  .3  +  V)) 
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G.C.T 


1902 

Jun 

9 

h      m 

19  49.8 

19 

19  46  0 

29 

19  39.5 

July 

9 

19  31.3 

19 

19  22.5 

29 

19  14.1 

Aug. 

8 
18 

19  7.2 
19     2.8 

Sept. 

28 

7 

19  1.2 
19     2.7 

1902  Ephemeris   ( 1 1"'.4) 


:;  21 
2  12 
1  14 
0  40 
I)  29 

0  41 

1  15 

2  2 

2  59 

3  59 

1903-04  Ephemeris  (12m.l) 


3.8 

9 

12  69 

6.5 

1 

14 

S.2 

„    34 

0 

40  , 

8.8 

1  1 

0 

29  ~ 

8.4 

.    12 

0 

41 

6.9 

,_    34 

l 

15 

4.4 
1.6 

2 

2  4V 
57 

— 

\>, 

59 

1.5 

-,v     ''',l 

OCT. 


Nov 

11 

6     9.0 

21 

6     3.8 

Dec. 

1 

5  56.2 

11 

5  46.8 

21 

5  37.0 

1904 

31 

5  27.7 

Jan. 

10 

5   19.9 

20 

5   14.5 

30 

5  11.7 

Feb. 

9 

5  11.7 

5.2 

7.0 
9.4 
9.8 
9.3 
7.8 
5.4 
2.S 
0.0 


12  42 
11  35 
10  34 

9  42 
9  3 
8  39 
8  30 
8  35 
8  51 
f9   16 


(log  r) 
log  p 

(0.374) 
0.162 
0.144 
0.132 
0.126 
0.128 
0.137 
0.152 
0.172 

(0.353) 


(log  r) 
log  p 


(0.408) 
0.232 
0.222 
0.218 
0.221 
0.232 
0.248 
0.270 
0.295 

(0.432) 


G.C.T. 


1905  Ephemeris  (12m.8) 

Ctiqnft  OlJrfM 


1905 

Feb. 


Mar. 


Apr. 


May 


3 
13 
23 

5 
15 
25 

4 
I  I 
24 

4 


11  33.5 
11  28.7 
11  22.1 
11  14.3 

II  6.2 
10  58.5 
10  52.1 
10  47.5 

III  15.1 
10  45.0 


l.s 
6.6 
7.8 

s.l 

li.  I 
4.6 
•1.  \ 
0.1 


-12  42 

12  30 

11  57 
11  4 
9  51 
8  33 
7  7 
5  45 
4  32 
-3  32 


(log  r) 
log  p 


(0.478) 
0.334 
0.320 
0.310 

0.307 
0.310 
0.319 
0.332 
0.350 
(0.475) 


II  is  greatly  desired  thai  plates  a1  other  observatories 
he  searched,  especially  those  in  the  discovery  «>] >| >< .-i - 
tion,  1903  04.  II'  images  are  found,  please  com- 
municate with  this  observatory. 

The  above  is  volunteer  work  and  is  unchecked. 

U.S.  Naval  Observatory,  Washington.,  D.C,  lulu.  Nov.  I :. 


OBSERVATIONS  OF   OMICRON  CETI, 

By  CHARLES  P.  OLIVIER. 


This  paper  forms  a  continuation  of  those  in  A.  J.. 
No.  600  and  No.  628,  which  contained  observations  of 
o  Ceti.  As  before,  all  the  estimates  were  made  by 
Argelander's  method.  Generally  the  observations 
were  made  by  the  unaided  eye,  but  sometimes  an 
opera  glass  was  used.  It  has,  however,  seemed  useless 
to  print  the  times  of  observations  to  the  tenth  of  an 
hour,  the  number  of  comparison  stars  and  the  notes 
on  the  seeing,  all  of  which  were  recorded  in  the  note- 
books. In  most  cases  two  comparison  stars  were 
used,  but  sometimes  only  one,  and  on  other  occasions 
three  or  more.     Any  un'certainty  'in  the  observations 


MAGNITUDES 

OF  o  CETI 

Y 

M 

D 

Magn. 

Y 

51 

D                              MftgU 

1914 

2 

26 

3.39 

1915 

1 

13             3.80 

3 

[r 

3.31 

1 

14             3.82 

1915 

1 

4.00 

1 

15             3.77 

1 

9 

3.72 

1 

20             3.77 

1 

10 

3.72 

1 

21             3.80 

due  to  haze,  cloud,  etc.,  is  denoted  by  a  colon  placed 
immediately  after  the  deduced  magnitude.  The  mag- 
nitudes for  the  comparison  stars  are  taken  as  before 
from  Harvard  Annals,  Vol.  XLV. 

As  frequently  happens  with  this  variable,  the  exact 
dates  of  maxima  are  not  very  easy  to  determine.  It 
would  seem,  however,  that  1915  Jan.  10,  1915  Dec. 
21  ±,  1916  Nov.  15,  1917  Oct.  6  and  1919  July  24  ± 
represent  these  dates.  If  we  take  the  first  and  last  as 
exact,  the  period  comes  out  332  days,  practically  what 
has  long  been  accepted  as  its  average  value. 


1915 


M 

i> 

Magn. 

1 

28 

3.77 

1 

29 

3.77 

2 

4 

3.80 

2 

8 

3.82 

2 

9 

3.80 
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Y 

31 

D 

Y           M 

D 

Magi! 

Y 

M 

D 

Magn. 

1915 

2 

10 

3.82 

1916      12 

12 

3.80 

1917 

11 

16 

3.90 

11 

29 

3.77 

12 

13 

3.80 

11 

17 

3.90 

11 

30 

3.78 

12 

14 

3.81 

11 

18 

3.90 

12 

2 

3.78 

12 

15 

3.81 

11 

22 

4.00 

12 

3 

3.77 

12 

28 

3.90 

12 

1 

4.14 

12 

4 

3. 53 

12 

30 

3.99 

12 

9 

4.22 

12 

6 

3.45 

1917      1 

1 

4.03 

12 

12 

4.20 

12 

8 

3.34: 

1 

11 

4.44 

12 

13 

4.20 

12 

18 

3.07 

1 

17 

4.63 

12 

14 

4.30 

12 

21 

3.01 

1 

26 

5.40 

1 

10 

5.65 

12 

26 

3.19: 

2 

3 

5.42 

1 

13 

5.56 

1916 

1 

2 

2.99 

2 

9 

5.63 

1919 

7 

24 

3.12 

1 

3 

3.13 

2 

12 

5.60 

8 

2 

3.39 

1 

4 

3.13 

2 

16 

5.G2 

8 

3 

3.46 

1 

7 

3.31 

2 

20 

5.59 

8 

7 

3.39 

1 

17 

3.33 

9 

10 

4.32 

8 

27 

3.37 

1 

23 

3.45 

9 

11 

3.80 

8 

28 

3.37 

2 

4 

386 

9 

12 

3.81 

9 

11 

3.64 

2 

7 

1.03 

9 

17 

3.77 

9 

13 

3.53 

2 

20 

5.05 

9 

30 

3.64 

9 

14 

3.53 

10 

24 

3. 85 

10 

6 

3.52 

9 

16 

3.53 

10 

25 

3.80 

10 

7 

3.68 

9 

25 

4.13 

10 

26 

3.80 

10 

9 

3.77 

9 

26 

4.63 

10 

28 

3.80 

10 

11 

3.78 

9 

27 

4.63 

10 

30 

3.80 

10 

12 

3.78 

9 

28 

4.63 

11 

1 

3.80 

10 

14 

3.77 

9 

30 

4.63 

11 

15 

3:78 

10 

19 

3.84 

11 

17 

3.81 

10 

21 

3.81 

11 

18 

3.81 

10 

22 

3.85 

11 

20 

3.81 

10 

23 

3.84 

11 

23 

3.80 

10 

26 

3.86 

11 
11 
11 

24 
25 
27 

3.85 
3.85 
3.80 

11 
11 
11 

6 

7 
8 

3.86 
3.90 
3.90 

Leander  McCormick  Observatory, 
of  Virginia,  1919,  No 

12 

1 

3.80 

11 

9 

3.86 
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70  OPHIUCHI;    S  2272;    B  S340;    P.  G.  C.  4571;   AND   NEIGHBORING   STARS, 

Hv  (JEORGE  C.  COMSTOCK 


In  1878  Hall  measured  with  the  Washington 
26-inch  equatorial  telescope  the  positions,  referred  to 
70  Ophiuchi,  of  two  faint  stars  which  he  designated  as 
of  the  13th  magnitude.  In  1882  and  1886  he  re- 
observed  these  stars  "because  some  astronomers 
doubted  their  existence"  and  added  to  them  a  third 
star.  He  designates  these  stars,  a,  b  and  c,  and  in  the 
later  observations  he  records  them  as  of  the  16th, 
14th  and  13th  magnitudes  respectively.  In  Vol.  XII, 
Publications  of  the  Washburn  Observatory,  I  have 
derived  proper-motion  of  these  stars  from  the  very 
limited  data  then  available,  extending  only  to  my 
own  observations  of  1907.  A  considerable  amount  of 
additional  material  is  now  available  and  it  is  here 
utilized  for  a  revision  of  these  proper-motions  and  a 
redetermination  of  the  relative  masses  of  the  com- 
ponents A,  B,  of  70  Ophiuchi.  The  proper-motions  of 
the  faint  stars  must  depend  upon  an  assumed  proper- 
motion  of  the  center  of  gravity  of  70  Ophiuchi  and 
this  in  turn  depends  upon  the  assumed  ratio  of  the 
masses  of  A  and  B.  My  first  intent  was  to  adopt 
Boss's  values  of  these  quantities  as  given  in  the 
Preliminary  General  Catalogue,  but  partly  because 
Boss  gives  no  indication  of  the  weights  or  probable 
errors  with  which  these  quantities  are  determined,  and 
partly  in  order  to  utilize  certain  observations  of  later 
date  than  those  used  by  Boss,  I  have  rediscussed  the 
meridian  observations  accessible  to  me,  from  1754  to 


1910,  using  Boss's  systematic  corrections  and  weights, 
as  follows: 


Proper-motion    of    the    Center    of    Gravity    or 

70  Ophiuchi 

The  data  used  for  this  determination  are  shown  in 
the  following  Table  I.  In  the  first  column  of  this 
table  the  symbol  Grw.  for  dates  subsequent  to 
1890  refers  to  the  Greenwich  annual  volumes.  The 
second  column  of  the  table  shows  the  component  of 
70  Ophiuchi  assumed  to  have  been  observed,  A  or  />', 
and  the  designation  AB  here  indicates  an  assumption 
that  the  observer  did  not  distinguish  the  components 
but  observed  the  star  as  one  mass.  I  have  reduced 
the  resulting  place  to  component  A  by  applying  as  a 
correction  one-tenth  of  the  distance  from  B  to  A  as 
furnished  by  micrometer  observations.  The  distances 
and  position  angles  required  for  this  purpose  have 
been  read  from  curves  in  which  all  of  the  micrometer 
observations  of  70  Ophiuchi  known  to  me  have  been 
plotted  against  the  time  as  argument.  In  Table  I 
certain  observations  are  marked  A  although  the 
observer  gives  no  indication  'if  having  seen  and  avoided 
the  componen 
fcween  A  and 
telescope  empi 
the  two  stars  were  seen  as  one. 


Table  I 


Cat. 

R.  A. 

Dec. 

Comp. 

Obs. 

Epoch 

Wt. 

O  — C 

Comp. 

Obs. 

Epoch 

Wt. 

O  — C 

Br.  1755 
Pi.  00 
Dpt.  30 
Abo  30 

A 

AB 
A 
A 

18 

16 

4 

12 

1754.4 
1800. 

23.56 

30. 

0.4 
0.05 
0.3 
1.5 

+  0.02 

-  .03 
-0.02 

-  .03 

A 

AB 

A 

A 

5 
13 

4 
12 

1755.1 
1800. 

23.56 

30. 

0.2 
0.15 
1.5 
2.5 

+  0.7 
-0.3 
-0.1 
+0.2 

(153) 
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Cat. 

R.  A. 

Dec. 

Comp. 

Obs. 

Epoch 

Wt. 

0  — c 

Comp. 

Obs. 

Epoch 

Wt. 

O  — C 

Grw.  30 

.4 

13 

30. 

0.3 

.00 

A 

10 

30. 

0.6 

+  1.5 

Madras  35 

.1 

9 

33.54 

0.25 

-    .05 

A 

5 

31.54 

0.2 

+  1.6 

Edb.  40 

A 

3 

42. 00 

0.1 

-    .03 

A 

3 

42.40 

0.5 

0.0 

Grw.  45 

A 

3 

44. 

0.25 

-    .08 

A 

4 

44. 

0.7 

-0.5 

Pulk.  55 

A 

4 

44.02 

1.0 

-   .03 

A 

4 

44.02 

0.5 

0.0 

/'h/'/n  45 

A 

70 

4.V  7 

2.5 

+    .0] 

A 

24 

46.3 

2.0 

+  0.1 

r.V/c  (30 

B 

3 

57.8 

0.5 

-    .13 

B 

2 

59.5 

0.7 

0.0 

Rod.  00 

B 

7 

58.0 

0.4 

+  .12 

B 

6 

58.2 

0.4 

-1.2 

Sad.  60 

A 

8 

58.7 

0.5 

+   .12 

A 

6 

59.6 

0.35 

+  0.7 

Grw.  60 

A 

3 

59.5 

0.5 

-    .04 

A 

3 

59.5 

1.0 

-0.2 

Pan's  60 

A 

174 

60.8 

2.5 

-    .01 

A 

151 

61.0 

3.0 

+  0.2 

PFasA.  60 

A 

4 

64.8 

0.4 

-    .08 

A 

4 

69.6 

0.35 

+  0.5 

H>//.  60 

B 

4 

64.8 

0.4 

-    .06 

B 

3 

70.3 

0.4 

-0.5 

65 

I! 

5 

69.18 

0.6  ■ 

+   .06 

B 

5 

68.16 

0.7 

-0.1 

GZasry.  70 

A 

2 

70.0 

0.0 

-    .02 

A 

1 

71.44 

0.0 

+2.2 

Grw.  72 

A 

1 

71.6 

0.25 

-   .03 

A 

1 

71.6 

0.25 

-0.6 

Gnu.  72 

B 

1 

71.6 

0.25 

-   .04 

B 

1 

71.6 

0.25 

-0.5 

Pulk.  75 

A 

6 

75.1 

0.6 

-    .05 

A 

6 

75.1 

0.6 

+  0.5 

PwZi-.  75 

B 

7 

75.6 

0.6 

+  .06 

B 

7 

75.6 

0.6 

+  0.1 

Paris  75 

A 

174 

75.7 

3.0 

-    .02 

A 

176 

75.6 

3.0 

+  0.3 

Grw.  80 

A 

6 

78.57 

1.5 

-    .02 

A 

6 

78.57 

1.5 

0.0 

Gra.  80 

B 

4 

78.61 

1.0 

-    .01 

B 

5 

78.57 

1.0 

-0.4 

Glasg.  70 

B 

2 

80.58 

0.0 

-   .09 

B 

4 

80.99 

0.0 

+  0.1 

.4.G.Z.  75 

A 

4 

81.12 

1.0 

+  .06 

A 

4 

81.12 

1.0 

+  0.2 

Pwflfc.  85 

A 

4 

87.3 

0.6 

+  .03 

A 

4 

87.3 

0.6 

+  0.1 

Cape  85 

AB 

6 

89.33 

1.0 

+  .03 

AB 

6 

89.33 

1.5 

+  0.2 

1   <„r.  90 

A 

4 

90.0 

0.5 

+   .01 

A 

4 

90.0 

0.7 

+  0.7 

Melb.  90 

A 

3 

90.59 

0.35 

-   .04 

A 

4 

90.58 

0.7 

+  0.7 

r.'/u.sy.  90 

A 

2 

91.42 

0.0 

-    .04 

A 

2 

91.42 

0.0 

+  0.1 

Grw.  90 

A 

8 

93.00 

2.0 

+   .04 

A 

7 

93.57 

2.0 

-0.6 

'.)0 

B 

9 

93.55 

2.0 

+   .03 

B 

7 

04.15 

2.0 

-0.6 

Gru>.  90 

AB 

11 

(Mil 

2.5 

+   .04 

AB 

12 

94.32 

3.0 

+  0.5 

Grw.  97 

B 

2 

97.03 

0.5 

-    .02 

B 

2 

97.63 

0.5 

+  0.7 

Gnc.  97 

A 

1 

97.73 

0.25 

-   .03 

A 

1 

97.73 

0.25 

+  0.1 

i .  98 

B 

1 

98.66 

0.25 

-   .08 

B 

1 

98.66 

0.25 

+0.4 

Ra'dc.  00 

A 

3 

99.55 

0.4 

-   .06 

A    . 

3 

99.53 

0.6 

0.0 

Gno.  99 

B 

2 

99.62 

0.5 

-    .02 

B 

2 

99.62 

0.5 

0.0 

Grw.  99 

A 

4 

99.67 

1.0 

-    .02 

A 

4 

00.07 

1.0 

-0.1 

< //■»'.  00 

A 

1 

1900.70 

0.25 

-    .04 

A 

2 

1000. 76 

0.5 

+  0.6 

(  inc.  00 

AB 

4 

01.3 

0.7 

-   .03 

AB 

4 

01.3 

0.6 

-0.5 

.  01 

A 

5 

01.64 

1.5 

-   .06 

A 

3 

01.69 

1.0 

-0.6 

.  03 

A 

1 

03.83 

0.25 

+   .03 

A 

1 

03.83 

0.25 

-0.1 

.  04 

A 

3 

04.78 

1.0 

+    .02 

A 

3 

04.78 

1.0 

-0.6 

Madison  07 

A 

5 

07.58 

1.5 

.00 

A 

5 

07.58 

1.5 

-0.7 

.  09 

A 

3 

09.70 

1.0 

.00 

A 

3 

09.70 

1.0 

-0.2 

.  09 

B 

1 

09.72 

0.25 

+  .03 

B 

1 

00.70 

0.25 

-0.9 

In  the  discussion  of  these  observations  the  form  of 
observation  equation  adopted,  for  each  coordinate,  is 


x  +  ty  +  £k  =  O  —  C, 
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in  which  the  coefficient  t  represents  the  time  reckoned 
in  centuries  from  the  assumed  epoch  1850.0  and  £ 
is  the  projection  of  the  apparent  distance  between 
A  and  B  upon  the  axis  along  which  x  is  measured. 
Representing  by  p  and  s  the  position  angle  and  dis- 
tance of  B  referred  to  .4 

In  R.  A.       £  =  s  sin  p  -f-  15  cos  <5 
In  Dec.        £  =  s  cos  p. 

The  unknown,  k,  is  a  measure  of  the  relative  masses 
of  the  components  A,  B,  through  the  relation 
k  =  B  -5-  (A  +  B).  The  star's  parallax  is  ignored. 
Equations  of  the  type  (1)  were  formed  for  each 
catalogue  of  epoch  earlier  than  1830.  The  data  fur- 
nished by  the  later  catalogues  were  united  into  groups, 
the  range  of  mean  epoch  of  observation  within  each 
group  in  no  case  exceeding  four  years,  and  with  approx- 
imate values  of  the  coordinates  and  proper-motions  a 
normal  value  of  0  —  C  was  constructed  from  each 
group  to  serve  as  the  absolute  term  of  Equation  1. 
In  certain  cases,  notably  the  Paris  Catalogue,  a  peculiar 
difficulty  arises  in  connection  with  the  coefficient  of 
the  unknown,  k.  The  catalogue  place  is  based  upon 
a  large  number  of  observations  covering  a  considerable 
period  of  time,  e.  g.  175  observations  made  within  a 
period  of  13  years,  during  which  the  coefficient  £  was 
subject  to  very  considerable  non-linear  changes.  Its 
instantaneous  value  at  the  mean  epoch  of  observation 
obviously  is  not  the  value  to  be  associated  with  the 
published  catalogue  place  of  70  Ophiuchi.  I  have 
used,  therefore,  a  mean  value  of  £  for  the  period  cov- 
ered by  the  observations,  these  being  assumed  to  be 
distributed  with  rough  uniformity  over  the  period  in 
question.  The  equations  thus  formed  furnished  the 
following  elimination  equations 


In  R.  A. 

x  +  0.265  y  -  0.126  k  =  +0S.063  px  =  59.1 

y  +  0.567  k  =  +0  .130  py  =  1.13 

k  =  +0  .515  pk  =  0.66 


In  Dec. 

x  +  0.242  ij  +  0.726  A-  =  +2".31         p,  =     12.53 

y  -  4.853  k  =  +0  .49        py  =      1.69 

k  =  +0  .37        pk  =  100.58 

The  solution  of  these  eqr 
lowing  a  determination  of  ' 


Motions  of  the  Faint  Stars  a,  b,  c 

The  data  available  for  determining  the  motions  of 
these  stars  consist  of  micrometer  observations  of 
their  position  angles  and  distances  referred  to 
70  Ophiuchi,  usually  to  the  component  A  of  this  star. 
These  observations  are  shown  in  the  first  six  columns 
of  Table  II  and  seem  to  require  little  explanation 
beyond  the  statement  that  in  the  second  column  the 
letter  C  denotes  my  own  observations,  in  part  un- 
published. In  three  cases,  as  shown  in  the  last  column 
of  the  table,  it  is  indicated  that  the  observation  relates 
to  the  B  component  of  70  Ophiuchi.  See  states 
explicitly  that  his  observation  was  so  made.  Hall 
informed  me  many  years  ago  that  he  had  no  means  of 
telling  to  which  component  of  70  Ophiuchi  his  observa- 
tion of  1878  referred.  I  assume  that  it  relates  to  B 
because  of  the  gross  discordances  it  would  otherwise 
present. 


Table  II 


O- 

-C 

Date 

Observer 

Obs. 

Wt. 

/' 

S 

dA 

Star  a 

1878.84 

Hall 

3 

1 

49  35 

B 

87.21 

-0.11 

-0.26 

Ba 

82.79 

Hall 

2 

1 

47  30 

92.40 

+  .17 

+   .29 

86.52 

Hall 

3 

1 

45     0 

93.56 

-    .24 

-    .10 

89.30 

0 

2 

1 

43  12 

95.17 

+  .07 

+   .04 

97.51 

Doo. 

3 

0 

38     7 

98.68 

-1.65 

+   .20    • 

1905.60 

0 

4 

l 

35  54 

105.12 

+  .18 

+    .15 

07.49 

C 

3 

l 

35  16 

106.29 

+   .15 

-    .03 

19.65 

C 

3 

l 

30  53 

115.87 

-   .20 

-   .11 
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Date 

( (bserver 

Obs. 

Wt. 

/' 

s 

O 

-C 

Remarks 

dA 

dD 

Star  b 

1878.84 

Hall 

3 

1 

197  51 

71.38 

0.00 

-0.27 

Bb 

82.79 

Hall 

2 

1 

197  50 

65.60 

+   .22 

-   .11 

86.53 

Hall 

3 

1 

200  24 

62.50 

+   .04 

-   .40 

89.30 

P 

2 

1 

203   18 

59.45 

-    .47 

+   .55 

99.43 

Brown 

1 

0.5 

209  43 

51.95 

-    .02 

+   .16 

99.43 

S  E  E 

1 

0.5 

208   12 

50.81 

-    .05 

+    .21 

Bb 

1905.54 

WlRTZ 

9 

1 

213  40     ' 

47.30 

+  •.03 

+   .17 

05.60 

0 

4 

1 

214     6 

47.29 

-    .31 

+   .32 

06.54 

Wl  RTZ 

4 

1 

214  20 

46.50 

+   .11 

+   .17 

07.50 

c 

3 

1 

214   17 

45.87 

+   .60 

-    .24 

07.58 

WlRTZ 

1 

0 

215  29 

45.73 

-    .10 

+    .40 

10.60 

WlRTZ 

3 

1 

217  35 

43.25 

+    01 

+   .05 

19.65 

C 

3 

1 

227  39 

Star  c 

37.81 

-   .22 

-    .44 

1886.52 

Hall 

3 

1 

224     0 

165.92 

-0.25 

-0.17 

1905.51 

Wirtz 

1 

0.5 

229  45 

155.69 

+   .52 

-    .03 

05.62 

0 

1 

0.5 

229  48 

155.85 

+   .31 

-    .04 

06.56 

Wirtz 

3 

1 

230  21 

155.22 

-    .03 

+    .53 

07.46 

c 

3 

1 

230  25 

154.96 

+   .15 

-    .01 

10.59 

Wirtz 

4 

1 

231   22 

152.90 

+   .09 

-    .09 

19.65 

C 

3 

1 

234  33 

148.80 

-   .37 

-    .22 

The  printed  data  were  transformed  from  polar  into 
rectangular  spherical  coordinates,  dA  and  dD,  referred 
to  the  point  midway  between  A  and  B  as  origin  and 
to  the  meridian  of  1900,0  as  axis  of  D.  These  co- 
ordinates corrected  for  parallax  of  70  Ophiuchi,  assumed 
to  equal  0".18,  furnished  the  absolute  terms  of  equa- 
tions of  the  form 

x  +  ty  +  %z  =  O  —  C 

when  x  and  y  represent  corrections  to  assumed  values 
of  the  coordinates  and  proper-motions  of  the  several 
stars,  referred  to  the  axes  above  defined,  and  z  = 
k  —  0.5  is  a  measure  of  the  relative  masses  of  the 
stars.  In  the  equations  actually  employed  the  unit 
of  time  was  10  years  and  y  is  therefore  the  correction, 
to  the  assumed  decennial  proper-motion.  Least  square 
solutions  furnished  the  following  sets  of  elimination 
■equations. 

In  dA     Star  a 
x  -  0.023  y  +  1.331  z  =  +0".174         px  =    7.00 


y  +  0.210  z 


+  0  .142         py  =  15.21 
-0  .116         pz  =  14.60 


In  dA     Star  b 

x  -  0.000  y  +  0.931  z  =  -0".004 

y  +  0.140  2  =  +0   .052 

g  =  -0  .048 

In  dA     Star  c 

x  +  0.000  y  +  1.292  z    =  -0  .003 

y  +  0.932  z  =  +0   .00S 

z  =  -0   .276 

In  dD     Star  ,i 

x  -  0.023  y  -  0.330  z  =   -0   .018 

y  -  1.482  z  =   -0  .076 

2  =   -0  .021 

In  dD     Star  b 

x  -  0.001  y  -  0.903  z  =  -0  .008 

y  -  1.527  2  =  +0  .092 

2  =  +0  .042 


Vx 

=  11.04 

Py 

=  26.29 

Pz 

=  25.96 

px  =     6.00 

Py        =  H.04 

pz  =     5.93 


Vx  =  7.00 
py  =  13.87 
Vz  =    4.86 


px  =  11.00 
py  =  16.97 
p2  =    5.70 
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In  dD     Star  c 


x  +  0.000  y  -  1.958  z  =  +0  .003         p,  =    6.00 

y  -  1.761  2  =  +0  .066         py  =    5.88 

z  =  -0  .394         pz  =     1.27 

Assembling  the  final  equation  in  each  of  the  fore- 
going groups  and  combining  with  them  the  correspond- 
ing equations  furnished  by  the  meridian  observations 
of  70  Ophiuchi  we  obtain  eight  determinations  of  the 
ratio  of  the  means  of  the  components  A  B.  These 
determinations  are  of  very  unequal  weight  and  are 
expressed  in  divers  forms,  k  and  z.  Replacing  z  by 
its  value  in  terms  of  k  and  reducing  the  several  equa- 
tions to  a  common  unit  of  weight  by  means  of  the 
factors  shown  in  Table  III  we  may  obtain  a  homo- 
geneous set  of  equations  into  which  each  determination 
enters  with  its  appropriate  weight.  The  probable 
errors  of  an  equation  of  unit  weight  required  for  this 
purpose  are  assumed  to  be 

for  the  meridian  observations  i\  =  =  0".30 

for  the  micrometric  observations  r%  =   =  0".19. 

The  first  of  these  values  is  taken  from  Boss,  P.  G.  C. 
The  validity  of  the  second  will  be  shown  below. 
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Table  III 

1  acti " 

In  R.  A. 

(15  cos  o)2  pk 

Dec. 

Vk 

dA     a 

(0'.30  -*-  0.19)2  p2 

b 

id. 

c 

id. 

dD     a 

id. 

b 

id. 

c 

id. 
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Relation 

148.2  A-  =  +  76.4 

100.6  k  =  +  37.2 

36.5  k  =  +  14.0 

64.9  A;  =  +  29.4 

14.8  A  =  +  3.4 

12.1  A-  =  +  5.8 

14.2  k  =  +  7.7 
3.2  k  =  +  0.3 

394.5 /v  =  +174.2 


Since  rx  =  ±0".30  * 
find  from  their  sum 


k  =  -, 


which  is  in  excellent  agreement  with  Boss's  adopted 
value  of  the  same  quantity  p  =  +0.45.  Adopting 
this  value  of  k  and  the  corresponding  z  =  —0.058 
I  obtain  from  the  several  groups  of  elimination  equa- 
tions definitive  values  of  the  other  quantities  involved 
in  them. 

For  the  center  of  gravity  of  70  Ophiuchi  the  results 
are  summarized  and  compared  with  the  data  of  Boss, 
P.  G.  C,  in  Table  IV. 


Table  IV 
70  Ophiuchi         Center  of  Gravity 


R.  A.  =  17h  57"'  +  x 

Dec.  =  +  2°  32'  +  x 

Equinox 

Epoch 

X 

1876.5 

1874.2 

52.643 

20".23 

1850.0 

Wt.     Prob.  Error 

18.6    ±0".07 

27.7    =0.06 

Red'n  to  1900.0 

+  31.453 

-58.62 

Seconds  of  R.  A.  and  Dec. 

24.096 

21.61 

Boss  P.  G.  C. 

24.110 

21.58 

Cent.  Var. 

+  302.820 

-128".35 

185(K0 

Wt    Prob    Error 

1.80    ±0.22 

2.24    =0.20 

+  301.214 

-    18.57 

Proper-Motion 

+  1.606  = 

-109.78 

+  24".07 
+  0.53 

Red'n  to  1900  0 

+  0.12 

Centennial  P.  M. 

+  24.60 

-  109.66 

1900.0 

Boss  P.  G.  C. 

+25.33 

-110.20 

The  weights  here  attributed  to  the  coordinates  and 
proper-motions  differ  from  those  shown  above  in 
connection    with    the    elimination    equations.     These 


last  named  weights  are  those  furnished  by  the  classical 
formulae  for  the  case  in  which  all  of  the  unknowns  are 
to  be  found  from  a  single  group  of  equations.     In  the 
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presi  casi  the  burden  of  determining  k  or  z  is  dis- 
tributed o\  er  the  eight  groups  of  observation  equations 
□  the  most  unfavorable  case  removes  from  the 
group  in  question  about  two-thirds  of  that  burden 
and  correspondingly  strengthens  the  determination 
of  the  other  unknowns.  To  treat  k  as  a  quantity 
independently  known  and  to  derive  weights  as  if  only 
two  unknowns  were  involved  in  the  equations  would 
more  nearly  represent  the  merits  of  the  case  than  do 
the  classical  formula;  and  I  have  adopted  this  pro- 
cedure for  some  of  the  equations  that  contribute  very 
little  to  the  determination  of  k.  In  Table  IV  the 
adopted  weights  are  a  compromise  between  this 
procedure  and  the  classical  one  above  suggested. 

The  quantities  shown  in  Table  IV  furnish  the 
following  expressions  for  the  coordinates  of  the  A 
component  of  70  Ophivchi,  in  which  t  represents  the 
time  reckoned  in  centuries  from  the  epoch  1850.0. 

Table  V 


R.  A.  =  17h  57m  52s.643  +  302s.820  t  +  0.174  t2 

-  0.442       . 

Tr f  s  Sin  p 

15  cos  5  ^ 


Dec.  =  +2°  32'  20".23 


128".35  t  +  22".20  f 

—  0.442  s  cos  p 


Each  observed  place  shown  in  Table  I  has  been 
compared  with  these  equations  and  the  resulting 
residuals,  O  —  C,  are  shown  in  the  table. 

The  elimination  equations  arising  from  observations 
of  the  faint  stars  have  been  treated  in  a  manner  sub- 
stantially similar  to  the  foregoing  and  the  results  of 
that  treatment  are  shown  in  Table  V,  where  a  rep- 
resents a  coordinate,  in  either  dA  or  dD,  referred  to 
the  center  of  gravity  of  70  Ophiuchi  and  /*  is  its  cen- 
tennial variation.  The  subscript  0  refers  to 
70  Ophiuchi,  the  subscript  1  to  the  faint  stars. 

In  dA 


Star 

a 

b 

c 

Equinox 

Epoch 

Mo 

Mo,  1 

Wt.     P.  E. 

Ml 

P.  E. 

a\  at  epoch 
Wt .  P.  E. 
Red'n  to  1900.0 
ai  1900.0 

•1895.96 

24".60 

-23.46 

13.8   ±0".51 

+  1.14 

±0.56 

+  63.73 

7.0   ±0.07 

-0.95 

+62.78 

1899.30 

24".60 

-23.40 

17.0   ±0".46 

+  1.20 

±0.51 

—  24.92 

11.0   ±0.06 

-0.16 

-25.08 

1906.06 

24".60 

-24.38 

5.9   ±0".78 

+  0.22 

±0.81 

-119.72 

6.0   ±0.08 

+  1.48 

-118.24 

1900.0 
1900.0 

1900.0 

Table  V 


In  dD 


-    1 

" 

b 

< 

Equinox 

Epoch 

Mo 

M",  1 

Wt.     P.  E. 

Mi 

P.  E. 

i     U,  epoch 
Wt.  P.  E. 
to 

a,   1900.0 

1895.96 

-109". (id 

+  106  .38 

13.9    ±0.51 

-3".28 

±0.55 

+  7.->. 70 

7.0    -•  0.07 

+  1.30 

+  SO.00 

1899.30 
-109".66 
+  108   .04 
17.0   ±0.46 

-1".62 
±0.50 

-45.23 
11.0  ±0:06 
+0.70 

-44.47 

1906.06 

-109".66 

+  109   .64 

5.9    ±0.78 

-0".02 

±0.81 

-98.85 

0.0   ±0.08 

-6.63 

- 105.48 

1900.0 

1900.0 

Th<       results  for  Star  a  may  be  written  in  the  form: 
T  -  1900  I 


1 


+  02". 78  +  l".l-l 


100 


dD  =  +80".00 


i»  28  T^-  1900 
6  .28        1(M) 
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with  similar  expressions  for  Stars  b  and  c.  The  origin 
to  which  these  coSrdinates  of  a  refer  is  the  position 
of  the  center  of  gravity  of  70  Ophiuchi  at  the  epoch 
1900.0. 

Each  value  of  dA  and  dD  as  derived  from  the  ob- 
served position  angles  and  distances  has  been  com- 
pared with  the  proper  equation  of  the  type  last  given 
and  the  resulting  differences  0  —  C  are  shown  in 
Table  II.  From  the  first  powers  of  these  50  residuals 
I  have  derived  a  value  of  the  probable  error  of  an 
equation  of  unit  weight  and  find,  without  discrimina- 
tion between  stars  or  observers,  rx  =  ±0".19.  In 
Vol.  XII,  Publications  of  the  Washburn  Observatory 
I  have  found  from  a  much  larger  body  of  data  rt  = 
±0".14.  The  difference  between  these  numbers 
appears  to  me  a  fair  measure  of  the  increased  difficulty 
of  observation  due  to  faintness  of  the  stars  here  con- 
sidered. While  the  adopted  procedure  ignores  real 
differences  of  precision  inherent  in  the  data  it  appears 
to  me  futile  to  attempt  at  this  time  an  investigation  of 
these  differences  and  I  have  therefore  adopted  a 
single  value  of  i\  for  the  determination  of  weights 
and  probable  errors  and  I  use  this  determination  of 
n  to  justify  the  relative  weights  assumed  in  deter- 
mining the  value  of  k. 

The  probable  errors  attached  to  the  six  values  of 
am  shown  in  Table  V  seem  to  me  to  furnish  some  indi- 
cation of  the  credence  that  should  be  given  .to  those 
results.  All  of  these  motions  are  small,  as  was  to  be 
expected,  and  the  motion  of  the  star  c  may  be  indis- 
tinguishable from  0.  On  the  other  hand,  the  motions 
of  a  and  b  differ  from  0  by  appreciable  quantities 
amounting  to  several  times  the  probable  errors  of  their 
determination.  A  similar  conclusion  may  be  drawn 
with  respect  to  the  contribution  made  by  these  ob- 
servations to  the  determination  of  the  mass  ratio  k. 
I  call  to  the  attention  of  astronomers  that  the  pre- 
cision of  all  these  results  may  be  rapidly  increased  by 


further  observations  of  the  faint  stars,  cither  with  the 
micrometer  or  photographically.  These  observations 
should  be  repeated  at  intervals  of  about  a  decade 
and  it  is  not  probable  that  I  can  myself  continue  them. 

Summary  of  Results 

1.     Eight  nearly  independent  determinations  of  the 

mass  ratio   of  the   components  of  70   Ophiuchi  give 

B 


A  +  B 


=  +0.442    ±0.015 


With  an  adopted  parallax  of  0".18,  a  periodic  time  of 
87.5  years  and  a  major  axis  of  4".5,  the  combi 
of  the  components  is  .4  +  B  =  2.04  times  that 
Sun.     Whence  A  =  1.14,  B  =  0.90  and  B/A  = 

2.  The  thirteenth  magnitude  stars  a  and  b  possess 
sensible  proper-motions  amounting  to  about  3"  per 
century.  The  objection  sometimes  made  to  these  and 
other  similar  results,  that  they  are  only  a  reproduction 
of  errors  inherent  in  the  assumed  proper-motion  of 
the  comparison  star,  e.  g.  70  Ophiuchi,  cannot  hold 
good  here  because  of  the  diversity  in  the  results  for 
a,  h  and  c.  No  possible  assumption  with  regard  to 
70  Ophiuchi  will  reconcile  these  diversities.  They 
must  be  due  either  to  real  motions  of  the  stars  or  to 
error  in  the  observations.  If  such  error  be  present 
it  must  far  exceed  in  amount  the  measure  of  precision 
indicated  by  the  internal  agreement  of  the  data  and 
it  must  affect,  in  a  manner  approximating  to  uniform 
progression  with  lapse  of  time,  the  observations  made 
by  a  considerable  number  of  astronomers  working 
under  widely  different  conditions.  This  postulate 
appears  to  me  much  less  probable  than  the  conclusion 
above  drawn,  viz.,  the  existence  of  sensible  proper- 
motions  in  the  stars  themselves. 

Washburn  Ohxi milnrii,  December,  1919. 


OBSERVATIONS   OF  ACHILLES  (5S 

By  E.  E.  BARNARD. 


The  following  observations  of  Achilles  (588)  were 
made  at  the  request  of  Professor  Stromgren.  For 
previous  observations  see  A.  N.  4206,  Bd.  176,  p.  89 
and  4641,  Bd.  194,  p.  171.  Following  are  the  estima- 
tions of  magnitude. 


April     1 

143^M  —  15M 

22 

15M  —  15HM 

Very  fi 

26 

14HM  —  15M 

May     1 

15M  —  15KM 

1st  set 

1 

15HM  — 16M 

2d  set. 

These  magnitudes  are  necessarily  rough,  as  the   condi- 
tions were  not  good  for  any  magnitude  estimations. 

Star  No.  4  was  kindly  observed  by  Professor  R.  H. 
Tucker  with  the  Meridian  Circle  of  the  Lick  Observa- 
tory. It  is  B.  D.  -4°3067  (9M.7).  His  observations. 
are: 


Epoch 
of  obs. 


1919.34 


Mag. 


10 


llh  20m338.67 


Obs. 


-5°  5'  57". 7      (2) 
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Measures   of  the  Asteroid 


Date 

Cen.  Stun. 
Time 

A  a  cos  8 

Ja 

J, 7 

Comps. 

a  App. 

5  App. 

log  pJ 
a                  5 

• 

1919 

h       in        s 

„ 

rn        s 

I       t 

h       m         8 

o       ,       , 

Apr.      1 

9   17  32 

-   92.1 

-0     6.17 

-0  31.5 

5, 

10 

11  29  27.29 

-6     6  13.6 

9.2624n 

0.8176 

1 

1 

12  51    16 

-154.2 

-0  10.34 

-0     7.5 

4  , 

8 

11  29  23.12 

-6     5  49.6 

9.3579 

0.8122 

1 

17 

11  21  36 

+  39.8 

+  0     2.68 

+  1    16.3 

4, 

8 

11  22  58.75 

-5  24  11.7 

9.2833 

0.8089 

2 

22 

9  24  51 

+  82.5 

+  0     5.52 

-1   30.1 

4  , 

8 

11  21  28.61 

-5  12  42.1 

8.2787 

0.8122 

3 

24 

11  47  42 

+  274.3 

+  0  18.34 

-1  48.7 

4  , 

6 

11  20  54.78 

-5     8     7.0 

9.4487 

0.8021 

4 

26 

8  52     li 

-139.7 

-0     9.35 

+  2   10.3 

4  , 

6 

11   20  27.07 

-5     4     7.9 

8.1139n 

0.8116 

4 

26 

9  13  23 

-142.2 

-0     9.52 

+  2  11.8 

5, 

6 

11  20  26.90 

-5     4     6.4 

8.4314 

0.8116 

4 

26 

9  27  27 

-145.2 

-0     9.72 

+  2  12.4 

4  , 

7 

11  20  26.70 

-5     4     5.8 

8.7404 

0.8110 

4 

Mav     1 

10  21  50 

+  279.4 

+  0  18.69 

-0  15.5 

6  , 

8 

11   19  23.73 

-4  54  21.0 

9.2810 

0.8062 

5 

1 

10  40  24 

+  277.6 

+  0   18.57 

-0  14.5 

6, 

7 

11   19  23.61 

-4  54  20.0 

9.3463 

O.SIMS 

5 

Mean   Places   oj 

Comparison   Stars 

• 

a  1919.0 

8  1919.0 

Red.  to.  Appt. 

Authority 

1 
2 
3 

4 

5 

h        111         3 

11  29  30.55 
11  22  53.26 
11  21  20.26 

11  20  33.67 

11   19     2.34 

-6     5  21.8 
-5  25     7.5 
-5   10  51.4 

—  5     5  57.7 

-4  53  45.1 

+  2.91 
+  2.81 
+  2.83 
\  +2.77 
/  +2.75 
+  2.70 

-20.3 

-20.5 

-20.6 

-20.6/ 

-20.5^ 

-20.4 

Strassburg  A.G.C.  4345. 

13  mag.     Compared  with  Strassburg  A.G.C.  4305. 

133^  mag.     Compared  with  B.D.  -4°  3067. 

B.D.  -4°  3067.     R.  H.  Tucker,  L.O.M.C. 

Strassburg  A.G.C.  4296. 

Measures   oj  Comparison   Stars 

Date 

A  a  cos  8 

A  u 

A  8 

•  ' (>s. 

1919  Apr.' 17/ 
22  \ 
17 
22 

121  2  mag.  star  —  Strassburg  A.G.C.  4345 

Star  2  —  12J--2  mag.  star 
Star  3  —  B.D.  -4°3067 

+  150.7 

+  1  35.33 

+  0  10.09 
+  0  46.59 

+  0     5.2 

+  0   12.7 
-4  53.7 

12  tr,  4 

4     ,4 
8  tr,  4 

The  measures  give  for  the  position  of  the  12^2  mag.  star: 

1919.0  a   llh22m43M7     5  -  5°  25'  20".2 

Yerkes  Observatory,  Williams  Bay,  Wisconsin, 
1919,   Vovembet    ' 
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NOTE   ON   THE  ORBIT  OF  y  CENTAURI,   h    1539, 

By   BERNHARD   II.   DAWSON. 

The  binary  y  Centauri  was  first  observed  as  a  double  observations  being  practically  continuous  since    1870. 

star   by   Sir  John    Herschel  at    the   Cape   of   Good  Several    "determinations1'    of    the    orbit     have    been 

Hope  in  1835,  and  has  subsequently  been  observed  by  made,  with  the  results  given  in  the  following  table. 
almost     every    southern    double    star    observer,     the  ! 


( lornputer 

Date 

P 

T         |          , 

a 

SI 

i 

« 

Published 

(  rORE 

S  e  i : 

DoBEKOk 
DOBERCK 

1892 
1895 
1905 

1905 

01.88 

88.0 

152.30 

211.93 

1840.84 
1848.0 
L835.44 
1851.63 

0.6316n 

0.800 

0.3024 

0.2958 

1.50 

1.023 
L.346 

1.924 

177.95 
1.6 

l.:.i) 
3.35 

±95.9 

L17.85 
101.95 

98.22 

16:81 
194.3 
223.28 

285.03 

M.N.R.A.  S.  52  :  505 
IV. 3339 
A.  X.  1063 

A.  N.  4063 

An  essential  difference  between  the  first  two  orbits 
and  the  others  lies  in  the  interpretation  of  Herschel's 
observations.  Innes  pointed  out  in  1904  that,  owing 
to  the  equalitj  of  the  components,  the  quadrant  is 
indeterminate,  and  Herschel's  observations  admitted 
of  two  interpretations:  first,  as  used  by  Gore  and  See, 
that  the  quadrant  at  Herschel's  time  was  the  same 
as  in  recent  years;  and  second,  that  the  quadrant  in 
1835  was  the  opposite  of  that  at  present.  DoBerck 
used  this  suggestion  in  obtaining  his  orbits  given 
above. 

In  order  to  test  these  two  hypotheses  by  the  new 
observations  they  were  compared  with  See's  orbit 
and  with  the  second  orbit  of  Doberck.  The  repre- 
sentation by  the  orbits  as  they  stand  is  not  very  good 
in  either  case,  but  on  plotting  the  new  observations 
it  was  found  that  they  continue  to  follow  the  curve  of 
Doberck's  apparent  ellipse,  indicating  that  his 
geometrical  elements  are  probably  substantially  correct. 

In  computing  his  orbit,  See  rejected  all  of 
Herschel's  observations  with  the  refractor  (ten 
nights)  in  favor  of  those  with  the  reflector  (one  measure 
and  two  estimates),  because  he  could  not  reconcile 
the  angle  of  the  former  with  the  areal  velocity  shown 
by  the  modern  measures.  Recent  measures  only 
aggravate  the  difficulty.  It  is  now  over  ten  years 
since   the    companion    passed    Herschel's   angle,    and 


the  motion  is  still  relatively  slow,  yet  it  was  less  than 
twenty  years  after  Herschel's  observations  thai 
Macleah  observed  the  companion  in  22°.9,  a  change 
of  over  300°.  Moreover,  the  distance  in  350  is  well 
over  1",  while  Herschel's  estimates  are  from  2-3" 
to  1".  Even  with  his  well  known  systematic  error 
of  distance  estimates  (which  is  less  marked  in  bright 
pairs  such  as  this)  they  still  indicate  that  the  distance 
at  his  time  was  not  over  1". 

With  this  new  evidence  (he  first  hypothesis  becomes 
untenable.  Consequently  See's  elements  are  not  even 
qualitatively  correct,  though  hi'  stated  that  his  period 
and  eccentricity  could  not  be  expected  to  need  changes 
greater  than  3  y.  and  0.113,  respectively.  Though 
Innes  has  not  to  my  knowledge  attempted  an  orbit 
determination,  yel  to  him  is  due  the  credit  for  indi- 
cating the  correct  solution  of  the  problem. 

But  while  the  correct  interpretation  of  Herschel's 
measures  is  now  defined,  and  the  motion  qualitatively 
determined,  there  remains  a  wide  range  of  possibility 
in  the  numerical  values  of  certain  elements.  The 
observed  arc  of  the  apparent  ellipse  shows  it  to  be 
much  elongated,  with  the  major  axis  closelj  riorth- 
and-south,  and  the  star  not  far  from  the  centre.  We 
maj  consequently  feel  sure  that  the  inclination  is 
high,  the  eccentricity  rather  small,  and  the  nodal 
point  near  0°.     On  the  other  hand,  we  have  no  obser- 
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vations  other  than  Herschel's  in  the  entire  southern 
half  of  the  ellipse,  whose  length  is  consequently  in- 
determinate, and  must  remain  so  for  a  considerable 
time  to  come.  Any  change  of  this  length  will  produce 
a  proportional  change  in  the  values  of  1'  and  <>,  and, 
owing  to  the  nearly  central  position  of  the  principal 
star,  a  much  greater  change  in  the  elements  a>  and  T. 
In  view  of  this  indeterniinat  ion  I  have  been  content 
to  retain  the  apparent  ellipse  and  geometric  elements 
of  Dobeikk's  second  orbit,  making  slight  modifications 
of  the  dynamical  elements  to  improve  the  representa- 
tion  of  recent    measures.      The   resulting  system   is: 

P  =  203.39     (n  =  1°.7700) 

T  =  1851.50 

e  =         0.2958 
a  =       1".924 
SI   =       3°.35 

i  =  ±98.22     (81°78,  retrograde) 

co  =  285.03 


In  the  comparison  with  observations,  the  systematic 
corrections  of  +0".20  for  Sellors  and  — 0".15  for 
Tebbttt,  indicated  by  Doberck,  have  been  applied 
tot  he  observed  distances. 
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Comparison  with  Observations 
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"o 

Po*    ■ 

O- 
A0 

-C 
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0 

„ 

0 

„ 

1835.80 

173.4 

0.8  ± 

+  1.4 

-0.1  ± 

11.4 
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52.60 

22.9 

0.3  ± 

-3.2 

-0.2  ± 

3 

Maclear 
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0.7± 
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3 
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5.2 
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Date 

0o 

!<o ' 

O- 

-c 

Ap 

Nights 

<  (bserver 

a 

„ 

n 
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356.8 
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2 
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*Corrected  for  systematic  error  as  noted  above 

/../  I'laln,  November,  1919. 


THE   PARALLAX   OF   CAPELLA    AND   ITS   DISTANT   COMPANION, 

By  ZACCHEUS  DANIEL  and  FRANK  SCHLESINGER 


Between  February  1915  ami  February  1919.  fifteen 
plates  of  Capella  (5ll9m,  +45°  54')  were  secured  here. 
As  the  star  is  very  bright  its  image  on  our  plates 
cannot  lie  reduced  to  equality  with  those  of  the  com- 
parison stars  by  means  of  a  rotating  sector  alone. 
For  the  first  three  plates  the  grating  described  by 
one  of  us  (on  page  15,  volume  4,  Publications  of  the 
Allegheny  Observatory)  was  used.  The  remaining 
twelve  plates  were  obtained  with  a  small  and  very 
thin  absorbing  screen,  close  to  the  photographic  film 
and  immediately  in  front  of  that  portion  of  the  plate 
upon  which  the  image  of  Capella  is  formed.  This 
device  will  be  described  in  full  detail  later. 

The  fifteen  plates  were  measured  by  Mr.  Daniel 
and  yield  for  the  relative  parallax  of  Ca/xlln 

+  ".049      ±".007, 

and  for  the  relative  proper-motion 

+  ".078      ±".004. 

The  distant  companion  to  Capella,  discovered  by 
Furuhielm,  (Astronomische  Nachrichten  4715),  appears 
on  the  same  plates,  7' 31"  following  and  9' 25"  south. 


Five  comparison  stars  were  selected,  three  of  which 
had  likewise  been  used  for  Capella  itself.  Their 
measurement  yields  for  the  relative  parallax  of  the 
companion, 

+  ".079      ±".008 
and  for  the  relative  proper-motion, 

+  ".068     ±".005. 

The  average  distance  of  the  five  comparison  stars 
from  the  companion  is  13'.  There  is  always  danger 
of  error  in  measuring  the  position  of  a  star  not  at  or 
near  the  center  of  the  plates,  unless  the  comparison 
stars  are  close.  For  this  reason  a  second  solution  was 
made  for  the  companion,  using  in  effect  a  single  com- 
parison star  distant  only  35".  This  gave  for  the 
parallax 

+  ".007      ±".009, 
and  for  the  proper-motion 

+  ".077      ±".005, 
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and  these  arc  probably  more  reliable  than  those  thai 
resull  from  the  use  of  the  five  comparison  stars. 

Assuming    thai    the    parallaxes   of   Capella   and    the 
companion   are   the   same,   the   besl    mean    thai    these 
\  ield  may  be  t  a  ken  as 


+  ".(»«:{ 


".006. 


Allowing  ".005  for  the  parallaxes  of  the  comparison 
stars,  the  corresponding  absolute  parallax  is  -+-".068. 
Among   earlier   determinations   are    Elkin's    (+".079 

±".021),  Adams  and  Joy's  (+".105),  and  Jost's 
(+".051  ±".023).  The  mean  of  all  gives  for  the 
absolute  parallax   +".077. 


Capella  is  a  spectroscopic  binary  with  a  period  of 
10  1  days.  The  two  components  do  not  differ  very 
greatly  in  brightness.  Their  separation  is  about 
83,000,000  km  times  the  cosecant  of  the  (unknown) 
angle  of  inclination  of  the  orbit;  it  is  therefore  at  least 
0.56  of  that  between  the  Earth  and  the  Sun.  At 
certain  times  the  components  of  this  spectroscopic 
binary  must  appear  to  he  at  least  0".04  apart. 
Attempts  have  been  made  by  Hussey,  Aitken,  and 
others  to  observe  an  elongation  in  the  image  of  Capella, 
1  >ll t    without    success. 

All,  nh,  mi  Observatory  of  the  University  of  Pittsburgh, 

January   I  ',,   /.''.'". 


OBSERVATIONS   OF   VARIABLE    STARS, 

By  WILLIAM    DOBERCK. 

(( !ontinued  from  .!.  ./.  760.) 


SZ  Cygni:  The  M.  C.  comparison  stars  were  used: 
c8.06,  <ls.\7,  ,1'  (A.S.V.  27)  8.63,  e  8.72,  /S.74, 
09.21,  /-it. 51,  k  0358  9.32  (7).  0633  9.48  (4),  0771 
0.7:;  (6),  0707  0.70  .5),  L852  0.77  (6),  1020  9.82  (5), 
2102  0.02  (3  ,  2121  9.66  (6),  2181  9.49  (5),  2211  0.71 
(5),  2200  0.5:;  (5),  I  lo.io.     c  and  /  were  determined 

at    H.('.,    tl thers   compared    here.     The   value   of 

a  step  is  0.10.  The  first  maximum  (8.64)  occurred  at 
2421835.8,  the  second  (8.67)  at  L836.9,  and  the  third 
i0.50.  at  1X45.1.  The  fust  minimum  (8.83)  occurred 
at  2421836.4,  the  second  (0.01)  at  1844.4,  and  the 
third  (9.63)  at  1846.3.  The  period,  obtained  by  com- 
parison with  the  value  adopted  liy  HARTWIG  ill  1013, 
and  taking  the  mean  of  the  first  two  maxima  and  the 
first  minimum  given  above  (1830. 37)  to  represent  the 
epoch  of  the  present  maximum,  is  15.1 105  days.  Min- 
imum occurs  8.9  days  after  maximum.  SZ  Cygni  is  a 
Hash  star  and,  like  in  the  case  of  VY  Cygni,  the  Hash 
is    double.     The    24    equidistant    coordinates    of    the 


lightcurve,  beginning  with  1830.37  are  as  follows: 
8.82,  8.70,  8.94,  9.01,  9.05,  9.11,  9.20,  9.29,  9.35,  9.37, 
9.40.  0.51.  9.60,  9.G2,  9.59,  0.0  1.  0.03.  9.53.  9.11.  9.40, 
0.30.  0.21.  8.78,  s.05.  The  curve  is  wavy  and  as  the 
waves  appear  in  the  mean  of  a  number  of  years'  ob- 
servations, it  is  evident  that  they  are  more  or  less 
repeated  in  every  period.     Tin1  formula  is: 

Mag.   =  9.20  -  0.405  cos  i.r  -   18' L.  I 
-0.10     cos  (2.r  +  11  y2°) 
-0.00     cos  (3.T  +  18J4°) 

It  is  preferable  to  use  cos,  as  the  dis-symmetry  of  the 
curve  is  then  seen  at  a  glance.  The  coefficients  04... 
an  of  the  cos  are:  -0.03,  -0.01,  +0.04,  +0.03, 
+  0.02,  +0.03,  +0.02,  +0.02,  0.00.  The  coefficients 
b4...bu  of  the  sin  are:  +0.04,  +0.05,  0.00.  -0.01, 
-0.01,  -0.02,  -0.01,  -0.01.  When  a  scries  con- 
verges so  slowly  it  is  not  very  important. 
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/  1  v  3  g 

8.86 

2124.39 

e  2  v  1 

./' 

s.7  1 

22  10.2:, 

0  1 

i  2  // 

.32 

1540.38 

0  2  w  1}  •_>  ft 

9.47 

1856.31 

g  lv2  h 

9.32 

212  1.10 

./'  2  »  2 

0 

.97 

2250.25 

0  1 

i  1  i ._,  ft 

.3  4 

1548.38 

»  =/ 

S.74 

1860.33 

h  3  v  I  2  /.' 

.71 

2124.45 

./'  1  v  2 

0 

.90 

2251.25 

//  1 

B  3  /.' 

.58 

1549.32 

e2t)l/ 

.74 

1S62.29 

g  2  v  2  // 

.37 

2124.50 

/  2  »  1 

0 

9.05 

2253.25 

/,  2 

y  1  it 

.64 

1558.32 

w  =  ft 

9.54 

1864.37 

./'  3  v  2  0 

.02 

2125.43 

/  3  »  2 

(/ 

9.02 

2251.25 

''  'l 

ft 

.19 

1565.36 

flvig 

8.83 

1865.30 

'•  =  / 

s.7  1 

2120.12 

/  3  »  2 

(/ 

.02 

225S.25 

e  3 

i  3  ./' 

8.73 

1566.36 

./'  3  »  2  </ 

9.02 

ISli7.ll 

/  3  v  •  i  0 

9.14 

2127.42 

v  I  ■>  g 

.16 

225S.10 

e  ! , 

/■ 

.77 

1568.32 

0  23^  v  3  ft 

.45 

1870.33 

0  1  y  2  /i 

.32 

2128.42 

g  i  v  2 

// 

9.32 

2274.22 

./'  3 

.  i  y2 « 

.73 

1576.27 

,/  1  b  3  ft 

.29 

1873.28 

y  =  k 

.78 

2131.44 

/•  1 ,,  /, 

.49 

2278.29 

i  3 

'  2  0 

9.01 

1727.49 

0  1  v  1  ft 

.37 

1874.42 

hlv  1  k 

.06 

2136.45 

0  1 1 ._, 

i  1  h 

.41 

2281.26 

r   = 

k 

.63 

1730.45 

/  1  v  3  f/ 

8.86 

1875.28 

h  1  v  2  /,• 

.63 

2155.3!) 

e  =  v 

S.72 

2282.26 

V   = 

k 

.63 

1732.47 

/  3  »  2  (/ 

9.01 

1879.47 

u  1  h 

.11 

2176.36 

r  2  // 

9.34 

2286.25 

g  i 

v  1  ft 

.37 

1734.43 

<'  =  3 

.21 

1SSH.2S 

,  :\  r  2/ 

.74 

2177.38 

V    1    // 

.44 

2287.24 

!/    1 

v  1 !  _,  ft 

.34 

1741.44 

r    1    0 

.11 

1901.17 

hlv  1  k 

.67 

2178.38 

/,•  l  v  ! 

.,  h 

.52 

2288.23 

/   1' 

._,  v  1  e 

S.73 

1743.47 

»  2  0 

.01 

1906.36 

h  :\  v  1  k 

.74 

2180.38 

g  2  i)  1 

h 

.43 

2292.39 

e  1 

3  ./ 

8.84 

1744.44 

/  2  v  4  ? 

8.90 

1907.38 

h    \    V    \    k 

.67 

2182.36 

./'  3  i)  3 

g 

8.97 

220  1.11 

0  2 

v  2  // 

9.37 

1745.45 

d  3  b  2  e 

.50 

1913.36 

f   \   r:\,j 

.00 

2184.41 

v  \y2  < 

.57 

2295.29 

B    = 

/,• 

.5  1 

1746.41 

/  3  v  2  0 

9.01 

1919.32 

k    1    V 

.92 

2184.50 

C   1   V 

.82 

2300.25 

ft    1 

v  1  A' 

.54 

1760.42 

/I  » 

8.84 

1920.31 

v  =  k 

.82 

2186.35 

S  3  ti  2 

u 

9.02 

2302.23 

V.   1 

ft 

.44 

1767.48 

0  2v  \y2  h 

9.47 

1925.33 

fSvlg 

.09 

2187.34 

0   1   r 

.31 

2312.20 

ft    1 

B 

.64 

1768.42 

v  \y2h 

.39 

1935.27 

0  2  »  1  // 

.43 

2191.38 

/(    I  V 

.64 

Koxvloon,  Elijin  Road,  Sutton,  Surrey, 
6  January,  19S0. 


OBSERVATION   OF   THE   ECLIPSE   OF   THE   SUN,   NOV.   22,    1919, 

By  F.  P.  LEAVENWORTH. 

Time  of  Fourth  Contact  3h  0™  10'  G.  M.  T. 
Limb  of  Sun  very  wavy. 

Minneapolis,  Minn.,  January  20,  1920. 
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OBSERVATIONS   OF   COMET   d   1919    (FIN LAY  — SASAKI), 

MADE   Willi   THE    10+I.Nell   EQUATORIAL  OF  THE   UNIVERSITY   OF   MINNESOTA, 

Bi    V.  P.   LEAVENWORTH. 


Date    Minn.  M.T.      Comp. 


App.  'i 


App.  8 


Log  \>A 


App.  PI.  Red.  of  if 


h       m    s 

Nov.  17    7  35  3 
Nov.  1!)    7  IS  I 


4  4 


+  0   1(1. 52    +1    17.0 
+  0     2.08   -0  24.8 


2.;  37  24.72 
2:!  52  It',. SI 


-3  16  44. a 
(i  57  39.3 


.522//  0.S20 
.891«  0.804 


+  4.09   +26.8 
+  4.12   +27.0 


Mean  Place  of  Comparison  Stars 

h       in        s  °        '         " 

2^:37     4.11  -3   18  28.7     A.  G.  Slraszburg  8117 

2H  52  40.64  -0  57  41.5     A.  G.  Nicolajew  5922 

Measures   made   with   cluck  running   in   both    right    ascension    and    declination. 
Minneapolis,  Mum.,  January   10,   1920 


ETOILES  DOUBLES  NOUVELLES, 

Pap  ROBERT  JONCKHEERE. 

Les  quelques  nouvelles  etoiles  doubles  suivantes  out  ete  d^couvertes  pendant  l'ete  1014.  Elles  font 
suite  a  celles  publiees  dans  .1../..  75:3.  Nous  avons  retrouve  ces  observations  sur  nos  anciens  livres  d'avant- 
guerre.  Nous  regrettons  de  les  publier  sans  mesures  supplementaires,  mais  les  troupes  allemandes  ayant 
detruil      nos     instruments     avant 

mesures  avant   un  temps  assez  loin 

J    1331      Anon. 


leur     depart      de     l'Observatoin 


ne    pourrions    obtenir    d'autres 


1914.486 


191  1.609 
.612 


.611 


191  1.612 


1914.528 

.751 
.639 


L6Mlra44a  +1°12' 

281.4  3.38 

J    1332  Anon. 

17h51m57s  +3°  21' 

44.0  1.59 

16.2  1.37 


346.1 


2.02 


,1    1334      Anon. 

lit'1  15"'  57-  +8°  54' 

L80.0  2.73 

.1    1335     IS.  I>.   +19    11  15 

19h  12-  :,7  +19    12' 

360.6 

:355.5 


358.0 


0.80 
0.98 
0.89 


9.4-12.2 


11.0-12.0 

10.5    12.5 


.611 

45.1 

1.48 

10.8-12.3 

J   1333 

Anon. 

17'  53"'  52- 

+  3°  29' 

1914.609 

348.0 

2.15 

9.0    11.5 

.612 

344.2 

1.89 

9.8-11.0 

9.7-11.3 


9.5    12.0 


9. 1     9.5 
9.4-  9.5 

9  I      9.5 


1914.61" 


1914.617 


191  1.727 


1914.724 


1914.631 


1914.694 
.699 
.696 


J    1336     Anon. 
I9h46m7s     +6°  25' 


4.ti 


2.ii5 


J    1337  Anon. 

20''2m26s  +6°  28' 

115.4  2.19 

J    1338  Anon. 

2Q1- 4m  57s  +12°  9' 


42.2 

J   1339 

2,,i,  7,„  14- 

15.0 


2.62 

Anon. 
+  5°  58' 
2.10 


,J    1340  Anon. 

20''14'"8-  +17°  40' 

312.(1  1.86 

.1    1:311  Anon. 

20h17m9a  -4°  23' 


211(1.(1 
253.5 
257.1 


2.02 
2.10 

2.IH1 


9.7-  9.8 


10.0-11.0 


9.7      9.7 


9.6-10.5 


9.4-  9.4 


9.4-11.0 
9.4-12.0 
9.4-11.5 
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J    1342 

Anon. 

.1    L345 

Anon. 

20h  21)'"  43s 

+  2°  47' 

201-    H.)."   1s 

+  14°  22' 

1914.709 

291.0 

J    1343 
20h  23">  10s 

2.93 

Anon. 
+  9°  52' 

9.4 

11.5 

191  1.727 
L914.729 

278.6 

,1    L346 

201'  52-  4s 

330.6 

2.97 

Anon. 
+  8°  19' 
2.10 

9.6   10.5 
10.0    10.0 

1914.628 

41.6 

2.10 

9.6- 

-  9.9 

(3415) 

.1   157  est  a   -0 

-  s  ,   -0°3' 

.631 

49.8 

1.97 

9.6- 

-10.0 

.630 

45.7 

2.04 

9.6- 

-10.0 

J  1347     B.  D 

22''  49'"  0s 

+  13°  5013 
+  13°  41' 

J    1344 

Anon. 

1914.732 

345.4 

1.17 

9.3-  9.3 

20h  30m  58s 

+  11°4' 

Observatoire  <i< 

/'/  ' inn  rsilr  ,h    l.ill, 

1914.628 

116.0 

2.18 

9.1- 

11.5 

lb  in,  li    .'.', 

novembre,  t919. 

EPHEMERIS   OF   ASTEROID    (659)   NESTOR, 

By  FRANK  E.  SEAGRAVE. 


1920  Greenwich 
Midnight 

a 

8 

Log  /■ 

Log  A 

Mar.  19 

ll          111         s 

12  58  29 

-8  37  33 

0.73988 

0.65677 

23 

12  56  39 

-8  28  26 

0.73972 

0.65485 

27 

12  54  45 

-8   18  46 

0.73950 

0.65331 

31 

12  52  48 

-8     8  35 

0.73930 

0.65225  _ 
0.65169 

Apr.      4 

12  50  50 

-7  58    10 

0.73912 

8 

12  48  52 

-7  47  37 

0.73890 

0.65156 

12 

12  46  56 

-7  36  54 

0.73872 

0.65196 

16 

12  45     4 

-7  26   19 

0.73852 

0.(15279 

20 

12  43   14 

-7    15  54 

0.73830 

0.65407 

24 

12  41   30 

-7     5  53 

0.73810 

0.65582 

#  April  3,  1920. 


A   FAINT   STAR  WITH   LARGE   PARALLAX,   B.  D.    +61°2068, 

By  ZACCHEUS  DANIEL  and   FRANK  SCHLESINGER. 


According  to  the  Cincinnati  Catalogue  of  Proper- 
Motion  Slurs,  (he  position  of  iliis  objecl  Tor  1900  is 
20h  51"'  16s,  +61°  47' 44".  The  same  authority  gives 
the  proper-motion  as  0".77  in  position  angle  180°. 
The  visual  magnitude  and  the  spectrum  in  I  lie  new 
Draper  Catalogue  are  respectively  8.6,  K2;  these  have 
been  kindly  communicated  by  Professor  Bailey 
in  advance  of  publication.  In  a  recent  letter  from 
Dr.  Adams  of  the  Mount  Wilson  Observatory  the  star 
i-  stated  to  be  a  "dwarf  M." 

Fifteen     plates     of     this     objecl      were     secured     here 

between  October  1915  and  October  1918.  These  were 
measured  by  Mr.  Daniel  and  (hey  yield  for  the 
relative  parallax: 

+0".13-1     ±".007 


The  absolute  visual  magnitude  of  (his  star  is  there- 
fore 9.3  and  (he  absolute  photographic  magnitude, 
10.5.  The  motion  al  right  angles  to  (he  line  of  sight 
is  26  kilomel ers  a  second. 

A  star  of  about  the  same  magnitude  precedes  this 
at  a  distance  of  SI".  ll  does  not  share  I  he  large 
proper-motion.  Additional  proof  that  (here  is  no 
physical  connection  between  (lie  two  objects  is  fur- 
nished by  the  small  parallax  that  we  derive  from  our 
plates  for  (he  preceding  star,  referred  to  (lie  same 
comparison  stars:     — 0".015    ^II'MIOS. 


Allegheny  Observatory  of  th 
January  7,  ln.'o. 


I  in.  i  rsily  of  Pittsburgh, 
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OBSERVATIONS  OF   COMETS, 

MADE  WITH  THE  26-INCH   EQU  ITORIAL  OF  THE  U.  S.  NAVAL  OBSERVATORY, 

[Communicated  by  Rear  Admiral  .1.  A.  Hoogewerff,  U.S.  Navy,  Superintendent 


W.  M.  T. 


o/'s  apparent  place 


#-• 


(  'ollip. 


Ap.  pi.  red  of  it\   '8 


Obs 


Comet  Brorsen  II  Periodic 


Aug. 

22   1  1 

IN 

1!) 

23  L2 

6 

Ill 

28  14 

0 

58 

Sept 

2  M) 

:,(i 

;,ii 

L3    8  15 

5 

A 

ig.  22. 

5-in.  1 

nder. 

finder. 

Faint 

nuc 

cats 

about 

20"  in  i 

lain 

ster 

22  Hi  16.98  +28  50  46.4 
22  43  Hit. OH  +31  4  2.9 
22  21  27.04  +4.-)  30  15.5 
21  17  4  7.S5  +64  41  51.5 
12  10  56.21  +58  21  22. s 


-0  2.10  -0  35.7 
-3  6.94  -1  11.9 
-:;  20.49  -0  28.4 
-  0  21.47  +4  27.1 
4-0  L8.32  +0  39.9 


t/12.  10 

9.103n  0.206 

+  4.31  +23.o 

V 

B 

1 

£25,    ."> 

8.865«  0.081 

+  4.34  +23.4 

P 

Bn 

2 

Z35,    7 

9.530    9.510?! 

+  4.53  +23.9 

f 

Bn 

3 

dl2,  10 

8.926    0.583ri 

+  4.49  +2(5.5 

/' 

B 

4 

r/12,    10 

0.000     0.701 

-0.04  -    8.4 

V 

B 

5 

Aug 

25 

10    3 

10 

26 

8   12 

10 

28 

9  If. 

15 

Sept 

2 

s  38 

0 

12 

s    s 

11 

24 

7   17 

7 

Oct. 

3 

7  35 

(i 

. 

tug.  2 

5.     1  1 

Aug 

28.     ■* 

'isible 

ii  2 

<  Ibservers : 

Bn  = 

=  H. 

visible  in  5-in.  finder.  Stellar  nucleus  12m.  Diffused  nebulosity  extends  over  10'.  Aug.  23.  Faintly  visible  in 
faint;  could  no(  see  ii  well  enough  for  satisfactory  comparisons  on  account  of  haze.  Aug.  28.  Visible  in  2-in. 
.     Sep.  '->.     Poor  observation.     Sep.    13.     Visible  in  12-in.  finder,  probably  to  naked  eve.     Very  diffuse.     Head 

I  Jomel   1010    c  I  Metcalf) 

11     7  51.01    +25  50  10.0  +2   13.55  +9  41. S/35,     70.700  0.704  +1.S0-0.5  vp  B  7 

II     9  22.39+25  36  27.8+0    9.04  -2  54.0 d  9,    89.684  0.609  +1.86-0.3  vp  Bn  8 

M  12  36.28   4-24   17  15  1      0  10.04  -5    5.0/30.  L09.698  0.663  +1.S5  -   0.2  p  Bn  9 

I  1  20  53.2s  +22  43  20.5 +0  24.37   -3    3.4  </12.  10  0.0s  I  0.044  +1.S5-    0.3  vp  B  10 

II  38  59.60  +18  22  15.2  -0  10.33  -1  39.3-/12,  100.001  0.002  +1.S0  -  0.(5  vp  B  11 
L5  3  24.26+12  47  18.3+0  8.45  -0  44.4  dlO,  s  0.053  0.693  +1.05-0.3  p  B  12 
15  23  41.93  4-   s  20    0.0-1)2(1.25+4     7.1./10.    8  9.648    0.711     +2.04+0.1    p      B       14 

Pool   observation,  hurried.     Very  hazy.     Aug.  26.     Visible  in  2-in.  finder.     Faint  nucleus.     Poor  observation, 
-in. finder.     Sep.2.     Faint  at  lime-.     Moonlight.     Passing  clouds.     Poor  observation.     Oct.:;.     Poor  observation. 


i:i\;  B  =  Ernest  ('lake  Bower.     Comp.:     d=direcl  measures,  clock  running;    J  =  transits. 


Mean  Places  of  Comparison  Stars  for 

1919.0 

* 

■  - 

& 

Authority 

• 

« 

& 

Authority 

1 

h      in         n 

22  40  11. S3 

-  28  50  5s.o 

A.G.  ( 'amb.Eng.  L3735 

8 

14    9  1  1.49 

4  25  39  22.1 

.1  .G.  ( 'ami.  Eng.  0752 

2 

22  Hi  U.63 

+  31    4  51.4 

A.G.  Leiden          9696 

9 

1  1  1.'!  20.47 

+  24  52  21.2 

1  t  AG.  Camb.  Eng.              6780 

2  1  A  G.  Bali,,  B                   5032 

3 

22  21   13.00 

+  45  30  20.0 

A.G.  Bonn            10754 

10 

14  20  27.00 

+  22  46  30.2 

i  1  Ast.  Par.  +22.1416,            73 
.    1   ■   Pa,    +22.1424.              4 

4 

21   18     1.S3 

f  64  36  57.0 

l       Rom          64  "1  IS,  23302 
ZlAsl.  Cm.      +65.2109,    7304 

11 

1  1  39  17.04 

+  18  24  25.1 

Cine.  Pub.  No.  18:41940 

[  r_".."\  comp.  withe,  1919 

12'",  comp.  with  13,   1919 

5 

12  if,  37.93 

58  20  51.3 

[Sep.  is 
'  An=  -l'"10Ml,  A3  = 
[  |  10'32".6,  1919.0 

12 

15    3  13. SO 

+  12  48    3.0 

[Oct.  2, 
]  Aa  =  -lm39».92,  A<J  = 

[+0'10".4,  1919.0 

6 

12  47   is. 0  1 

I  58  in  L8.7 

A.G.  Hels.              7337 

13 

15    4  53.78 

+  12  17  52.6 

A.G.  Leipzig  I      5315 

7 

14    5  38.60 

25  19  29.6 

A.G.  Camb.  Eng.  0732 

14 

15  24    0.14 

+   s  15  52.8 

Ast.Toul.  +9.1524,  124 

■S'.    Xnrill 


Observatory,   Washington,   D.  C, 


CONTENTS. 
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NOTE   ON   AN   ANNUAL  TERM   IN   THE   RIGHT  ASCENSIONS, 

[Second  Paper.] 
By  M.  L.  ZIMMER. 


It  was  stated  in  the  first  paper1  that  we  hoped  and 
expected  to  have,  by  the  end  of  1918,  sufficient  data 
to  effect  a  complete  solution  of  the  problem;  but  on 
account  of  almost  unprecedented  bad  weather  condi- 
tions, during  the  latter  pari  of  last  year  and  extending 
almost  up  to  the  present,  the  proposed  program  has 
been  only  partially  carried  out,  so  that,  even  now, 
we  are  not  in  possession  of  the  observations  on  the 
results  of  which  we  were  to  have  attempted  an  ex- 
planation. As  the  program  cannot  be  carried  out 
now  before  the  middle  of  next  year,  at  the  earliest, 
it  seems  desirable  to  publish  a  note  at  this  time,  setting 
forth  what  has  been  accomplished  to  date,  rather  than 
to  await  the  accumulation  of  data,   which   when   had 


may  not  be  adequate  to  effect  a  satisfactory  explana- 
tion of  the  phenomenon. 

At  the  June  and  December  solstices  the  0  and  12 
hour  groups  were  observed  and  reduced  in  the  same 
manner  as  were  the  (i  and  18  hour  groups  at  the 
equinoxes  and  the  following  table,  setting  forth  the 
results,  shows  that  what  was  said  in  the  first  paper 
about  the  (i  and  18  hour  groups  applies  equally  to 
these  two  groups.  At  the  June  solstice  most,  of  the 
observations  were  made  (both  morning  and  evening) 
during  darkness  and  those  at  the  December  solstice, 
for  the  most  part,  during  daylight  so  that  practically 
all  day -night   effect   has  been  eliminated. 


Table  I 


Star 

I! 

a                                  5 

Mag. 

Spectr. 

p- 

Obs.  A 

Z  —  B 

a  Andromeda 

h       „, 
0     3.2 

+  28  32 

2.0 

AOp 

.213 

+  .050 

+  .009 

7  Pegasi 

8.1 

+  14  38 

2.9 

B2 

.013 

+  .038 

+  .035 

i  <  'iU 

14.3 

-    9  23 

3.7 

KO 

.036 

+  .019 

+  .034 

Br  38 

24.9 

-   4  31 

6.3 

K5 

.010 

+  .019 

+  .048 

/3  Ceti 

38.6 

-18  32 

2.0 

K0 

.231 

+  .020 

I  .010 

f  ( 'orvi 

12     :».() 

-22     4 

3.1 

KO 

.066 

+  .044 

-.031 

7  Corvi 

10.7 

-16  59 

2.6 

B8 

.162 

+  .041 

-.020 

jj  Virginis 

14.8 

-    0     7 

4.0 

A0 

.066 

+  .014 

-  .005 

6  <  'orvi 

24.7 

-  1  5  58 

3.0 

A0 

.252 

+  .034 

-.031 

13  Corvi 

29.1 

-22  51 

2.8 

Go 

.061 

+  .015 

-.018 

A  =  Difference  between  June  and  December  results  in  the  sense  Morning 
Z  —  B  is  the  indicted  correction  to  the  /'.  G.  <'. 


Evening. 


At  the  last  three  successive  solstices  the  6  and  18 
hour  groups  have  been  observed.  Since  at  the  solstices 
these   two   groups   transit    at    mid-day   and    mid-night 


so  to  these  observations  its  effect,  evaluated  from  the 

March  and  September  results,  of  which  there  was  an 
ample  amount  of   material,   was  applied.     From  this 


it  was  found  difficult  to  eliminate  the  day  — night  effect,   I  investigation  it  was  found  that  stars  transit,  relatively 


1  Astron.  Jour.  32,  1,  1919. 
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earlier  by  .01")  in  daylight  than  in  darkness  with  the 
probability  thai  it  is  slightly  greater  near  noon  than 
it  is  just  at  the  point  of  change  from  daylight  field 
to  illuminated  or  vice  versa.  This  value  agrees  in 
sign  and  approximately  in  size  with  that  found  at 
Washington.     From   i  vations   we   find   that 

there  is   no  systematic   differem  i  -lock  cor- 

rection.- obtained  at  mid-day  and  those  at   mid-night 
when  the  systematic  errors  of  star  places  have  been 
eliminated,  and  furthermore,  since  the  resulting  right 
ascensions  of  these  mid-day  and  mid-night  observations 
are  identical  with  those  of  the  mean  of  the  Marc! 
September  results  which  were  found  from  observations 
made  at  or  near  six  o'clock  in  the  evening  and   l 
ing  respectively,   it   would  seem   that    we  are  jus 
in  concluding  that  these  are  the  true  right   ascensions 
and    that     the    indicated    systematic     correction 
-  .020  for  the  6  hou  md    +  -.020   for   tl 

hour  group  are  real  and  actually  represent  the  sys- 
tematic errors  of  Boss'  P.  G.  C.  for  these  two  gn 

the  resulting  rig]  >ns  from  these  mid-day 

and    mid-night    observations    are   identical   with 
of  the  mean  of  the  March  and  September  results,   it 
shows  that  the  systematic  difference  between  <■• 
and  morning  observati  iminated  when  we  take 

the  mean  of  the  two;  but  that  it  is  not  eliminated  from 
either  evening  or  mort  though  they 

are   reduced   with   clock   corrections   made   up   o 
mean    of    two    detern  from    groups    of    stars 

separated  by  twelve  i. 

After  the  day  — night  i  ffeel  had  been  evaluated,  new 
reductions  of  the  two  co     plete  programs  of  the  6 
is    hour   groups,    obse  at    the  equinoxes  of    1017 

and   L918,  were  madi  i  eliminate  it  from  these 

results.     The  followin  ives  the  new  A's  freed 

from  the  day  — night  eliV  |  and  it  will  be  noticed  that 
they  no  longer  exhibil   d       ndence  on  right  ascension. 


The    mean    A    not    changing    perceptibly    -hows    how 

completely  the  effect   was  eliminated  in  the   fir-t 

duction.     The   close   agreement   of  the   individual  A's 

of  the  independent    determination   of   1918  with   that 

of  the  previous  year  [joints  to  a  very  real  and  definite 

cause  which  appears  to  act  with  the  fidelity  of  gravity 

The    agreement     would    probably    have    been 

still    better   had    not    the   bad   weather   prevented   the 

carrying    out     of    the    program    in    September    1918. 

As   it  ill-   a1    thai    equinox   have   only   half 

weight.      A   casual   glance   is   enough   to   convince   one 

that   the  A's  are   not    the  same  for  all  stars,  and  this 

es  more  evident   if  we  examine  them  from  the 

stand-point    of    their    probable    errors.     The    prob 

rri'iii  rmination  of  any  A  is  ±s.006  if  com- 

[iffi  rences  betwi  en  the  t  wo  independent 

determinations  and  the  probable  error  for  the   mean 

two  would  then  be   —  .004.     If  we  compute  the 

probable  error  directly  from  the  observations,  taking 

±-\014  as  the  probable  error  of  a  single  determination 

of  right  ascension  (certainly  not  greater  and  probably 

we   find   almost    exactly   the  same   value    ±5.004 

But  if  we  assume  that  the  As  are 

ime  for  all  stars  and  compute  the  probable  error 

from    the    differences    which    result    from    subtracting 

each  A  from  th<    i  I  we  find  it  to  be  more  than 

double    thai    i     oputed    from    the    differences    of    the 

two   independent    determinations   and   if  we   compute 

the  prol  or  of  a  A  for  either  year  separately 

we  find  it  to  be  jusl  about  I         at         -  for  the  mean  of 

both,  thus  showing   that   by   doubling  the  number  of 

determinations  we  do  not  diminish  the  probable  error. 

We   can   only   conclude   from   this   that    the   A's   are 

not  the  same  for  all  stars,  thus   confirming  what    ivas 

tentatively    stated    in    the    first    paper.     In    order    to 

save  space  only  the  6  hour  group  is  given;    but  what 

has  been  said  here  applies  equally  to  the  18  hour  group. 


Table  II 


Star 

1900.0 

8 

Mag. 

Spectr. 

f 

1912 
Obs.  Ai 

1918 
Obs.  A2 

Mean 

7  Orionis 

ii      in 
5    i 

+   6   16 

1.6 

B? 

.020 

K050 

f.028 

+  .039 

,-;  Li  ports 

24.0 

-20  50 

2.7 

G 

.094 

.050 

.041 

.040 

&  Orionis 

-    0  22 

2.2 

B 

.003 

.054 

.060 

.057 

a  L<  puns 

! 

-17  54 

2.6 

F 

.0(11 

.041 

.042 

.042 

i  Ori 

-    5  59 

2.9 

0<  j 

.005 

.046 

.054 

.050 

'  Doradus 

-62  33 

3.8 

F 

.016 

.(177 

.070 

.(!7s 

a  Ori* 

33.7 

-   2  39 

3.8 

B 

.001 

.047 

.030 

.038 

k-  Orioi 

35.7 

-   2     0 

1.7 

B 

.007 

.044 

.031 

.037 

-,  Leporis 

! 

-22  29 

3.7 

F 

.468 

.115(1 

.053 

.056 

r  L<  j 

12.4 

-14  52 

3.6 

A 

.018 

.041 

.042 

.042 

5  Dori 

-65  46 

4.5 

A 

.030 

.048 

.077 

.062 
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Star 

1 

a 

Mag. 

Spec!  r. 

." 

1917 
Obs.  a, 

1918 
Obs.  A2 

Mean 

13  Columbce 

b        in 

17.1 

-35  18 

3.0 

K 

.397 

.038 

S.042 

.040 

a  Ononis 

49.8 

+  7  23 

1.0  V. 

M 

.029 

.052 

.041 

.010 

i)  Leporis 

51.9 

-14   11 

3.7 

F 

.138 

.048 

.010 

.017 

y  Columbce 

54.0 

-35  18 

4.4 

B3 

.(till 

.010 

.03:1 

.010 

7]  Columbce 

56.1 

-42  4!) 

3.9 

A" 

.033 

.033 

.023 

.028 

Br.  880 

58.0 

+  23   16 

4.3 

c 

.IDS 

.050 

.002 

,056 

v  Ononis 

6     1.9 

+  14  47 

4.4 

i; 

.037 

.039 

.02s 

.0:;  1 

8  Pictoris 

8.4 

-54  57 

4.9 

i; 

.022 

.031 

.022 

.027 

Br.  920 

10.0 

-    6   L5 

4.2 

K 

.021 

.030 

.032 

.031 

k  Columbce 

13.0 

-  35     6 

4.5 

K 

.076 

.010 

.027) 

.022 

f  Can.  Maj. 
(3  Can.  Maj. 

a  <  'on  mi 

16.5 
18.3 

21.7 

-30     1 

-17  54 
-52  38 

3.0 
1.8 
0. 

BS 

111 
F 

.(MIS 
.007 

.018 

.036 

.022 
.054 

.038 
.048 
.050 

.037 
.037, 
.07,2 

v  Geminorum 

23.0 

+  2(1    17 

4.1 

I! 

.02:1 

.042 

.041 

.042 

A  Can.  Maj. 

24.;, 

-32  31 

4.:, 

Br, 

.032 

.010 

.017) 

028 

£  Can.  Maj. 

27.7 

-23  21 

4.4 

Bl 

.(HIS 

.03.") 

.030 

.037, 

Br.  972 

30.9 

-22  53 

4.li 

.1 

.014 

.037 

.01:. 

.020 

7  Geminorum 

31.9 

+  16  29 

l.S 

A 

.0(15 

.002 

.07,7 

.000 

v  Puppis 

S  Monocerotis 

34.7 
35.5 

-  43     6 
+  9  59 

3.1 

5±r. 

B8 
Oe5 

.020 
.008 

.037 
.053 

.07,7 
* 

.017 

e  Geminorum 

37.8 

+  25   14 

3.1 

G 

.020 

.038 

.043 

.010 

£  Geminorum 

Sinus 

39.7 

40.7 

+  13     0 
-16  35 

3.3 
-2.0 

F 

A 

.231 
1.316 

.01:, 
.(IT:. 

.047 
.103 

.0  10 
.089 

*  Not  observed. 


Prof.  Tucker1  suggests  that  the  cause  of  this 
unique  phenomenon  may  be  found  in  some  form  of 
lateral  refraction.  That  hypothesis  was  almost  the 
very  first  to  lie  considered  here;  bu1  was  rejected  on 
the  ground  that  no  form  of  refraction  would  i 
stars  in  the  same  region  of  sky  give  such  widely  vary- 
ing a's.  Prof.  Bigelow,  the  eminent  meteorologist 
of  the  Argentine  Weather  Bureau,  has  been  interested 
in  this  investigation  from  the  first  and  has  gone  over 
it  with  me  somewhat  in  detail.  He  has  just  finished 
an  exhaustive  study  of  the  upper  atmosphere  and  has 
developed  a  series  of  curves  which  represent  its  diurnal 
changes.  One  of  these,  the  so  called  density  curve, 
represents  a  condition  that  may  in  some  way  give 
rise  to  the  observed  phenomenon;  hut  neither  lie  nor 
I  can  understand  how  refraction  could  give  one  value 
to  one  star  and  quite  a  different  value  to  another  in 
proximity  to  it. 

Wauner2  in  discussing  the   Poulkova   observations 

1  hick  Observatory  Bulletin,  X".  323. 
Observations  <b   Poulkova,  Volume  III,  p.  3. 


for  1S47)  says:  "II  y  a  une  difference  constante  pro- 
noncee  entre  les  A  A.  R.  a  Canis  Min.—  0  Aquilce, 
deduites  des  observations  pendant  lesquelles  a  Cuius 
Mm.  passe  par  le  mendierj  apres  midi  ou  avant  midi." 
I  have  taken  some  pains  to  investigate  this  from  the 
material  which  is  given  in  convenient  form  in  the 
Poulkova  volumes  and  find  that  it  unquestionably 
refers  to  the  same  phenomenon,  since  the  difference 
hi  [ers  to  is  of  the  same  sign  and  of  approximately 
a  me  mauiiil  ude. 

Kapteyn3  discussing  the  Leiden  observations  has 
noted  what  is  probably  the  same  thing.  These, 
together  with  Tucker's  results,  show  that  the  phenom- 
enon is  no!  a  local  one  l,ul  that  it  is  very  nearly,  if 
not  exactly,  the  same  lor  all  localities  and  for  all 
This,  then,  confirms  our  conclusion  that 
errors  in  the  right  ascensions  of  prac- 
tically all  star  catalogs  have  had  their  origin  in  this 
phenomenon. 

In  the  future,  if  we  are  to  free  our  fundamental 
systems  from  these  large  systematic  errors  and  keep 
;.  a  Annual,  Volume  VI  I.  p.  141. 
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them  free  either  we  must  find  the  true  explanation  of 
this  phenomenon  and  reduce  it  to  formula  so  that 
it  can  be  inserted  in  the  apparent  place  reduction 
or  make  the  observations  in  such  a  way  as  to  eliminate 
its  effect.  This  may  be  done  by  observing  groups  of 
stars  separated  by  intervals  of  twelve  hours  and 
repeating  the  program  six  months  later  when  the 
groups  will  be  reversed  with  respect  to  evening  and 
morning.  To  completely  eliminate  the  effect  all  stars 
should  have  the  same  number  of  observations  in  the 
morning  as  in  the  evening  —  a  condition  not  at  all 
easy  to  satisfy  especially  where  large  programs  are 
to  be  observed. 

We  now  have  some  10,000  observations,  designed 
especially  for  the  solution  of  this  problem,  distributed 
through  the  twelve  months.  They  are  not  evenly 
distributed;  but  there  is  no  month  that  is  not  rep- 
resented. Most  of  the  observations  have  been  made 
at  or  near  the  equinoxes  and  solstices  and  are,  there- 
fore, inadequate  to  determine  definitively  what  form 
of  curve  the  phenomenon  describes  during  the  year. 
They  do,  however,  fix  those  four  points  with  a  con- 
siderable degree  of  accuracy  and  in  conjunction  with 
what   testimony  is  furnished  bv  the  fewr  observations 


scattered  along  at  intermediate  points  show  that  the 
curve  is  probably  a  continuous  one  and  that  it  is 
almost  certainly  of  the  well  known  sine  form.  This 
point  is  being  investigated  now  and  will  be  treated  in 
a  subsequent  paper. 

No  explanation  is  advanced  at  this  time;  but  as 
stated  in  the  first  paper  parallax  is  the  only  thing 
known  to  astronomy,  so  far  as  I  am  aware,  that  is 
adequate  to  explain  the  observed  facts  and  parallax 
does  explain  them.  It  is,  however,  impossible  accord- 
ing to  present  accepted  notions,  to  understand  how 
parallax  of  such  size  can  exist;  but  to  simply  deny 
that  ii  is  parallax  on  the  ground  that  it  is  too  large 
neither  serves  to  prove  that  it  is  not  nor  helps  to 
explain  what  it  really  is.  It  seems  to  me  that  the 
satisfactory  solution  of  this  problem  is  essential  to  the 
progress  of  positional  astronomy  and  in  order  to 
hasten  its  solution  the  problem  deserves  the  co- 
operation of  all  observers  equipped  with  good  modern 
apparatus  capable  of  detecting  quantities  of  such 
small  magnitude. 

Observalorio  National  Argentino, 
Ctirdoba,  October,  1919. 


SUNSPOT  OBSERVATIONS, 

MADE    AT   BERWYN    PENNA.,    WITH    A    4J-INCH    TELESCOPE, 

By  A.   W.  QTJIMBY. 


1919 

Time 

New 

Total 

Fac. 

Def. 

1919 

Time 

New 

Total 

Fac. 

Def. 

1919 

Time 

New 

Total 

Fac. 

Def. 

Grs. 

Grs. 

>  J  ii  it,- 

Grs. 

Grs. 

Grs. 

spots 

Grs. 

Grs. 

Grs 

Spuls 

Grs. 

July     1 

7 

4 

11 

1 

fair 

July  22 

12 

5 

5 

poor 

Aug.  11 

1 

2 

5 

41 

2 

good 

2 

7 

o 

5 

35 

1 

fair 

23 

6 

2 

7 

20 

1 

fair 

12 

7 

- 

5 

26 

2 

fail- 

3 

7 

1 

7 

37 

4 

fair 

24 

6 

7 

24 

3 

fair 

14 

6 

4 

9 

44 

2 

good 

4 

7 

1 

7 

18 

3 

fair 

25 

7 

2 

9 

31 

2 

v.  g. 

15 

8 

- 

-.» 

40 

2 

good 

5 

4 

- 

4 

14 

2 

fail- 

26 

7 

7 

16 

4 

fair 

16 

7 

- 

8 

42 

2 

tail- 

6 

7 

4 

16 

2 

fair 

27 

7 

6 

11 

3 

fair 

17 

5 

- 

6 

40 

poor 

7 

7 

- 

3 

9 

2 

faii- 

28 

6 

1 

:. 

6 

4 

faii- 

IS 

12 

1 

6 

103 

2 

v.  g. 

8 

7 

- 

4 

9 

3 

fair 

29 

7 

3 

5 

3 

fair 

19 

8 

- 

5 

100 

1 

fail- 

9 

7 

1 

1 

15 

3 

faii- 

30 

7 

3 

5 

4 

fa  il- 

20 

6 

- 

4 

92 

- 

good 

10 

7 

1) 

4 

10 

3 

fair 

31 

•7 

3 

5 

2 

ia  il- 

21 

6 

2 

5 

100 

2 

gm  id 

11 

7 

1 

3 

15 

3 

fail- 

Aug.     1 

7 

3 

5 

3 

ia  ir 

22 

6 

2 

7 

68 

4 

good 

12 

7 

2 

5 

45 

3 

fair 

2 

7 

1 

2 

5 

4 

f'aii- 

23 

6 

1 

6 

65 

4 

good 

13 

7 

0 

4 

47 

2 

poor 

3 

7 

1 

1 

3 

fa  ii- 

24 

6 

5 

17 

3 

good 

14 

7 

2 

6 

35 

4 

fail- 

4 

7 

2 

3 

10 

4 

l'a  ir 

25 

7 

3 

11 

1 

good 

15 

7 

1 

6 

17 

2 

poor 

5 

6 

2 

4 

11 

1 

fair 

26 

6 

2 

5 

27 

3 

good 

16 

7 

0 

6 

15 

2 

poor 

6 

(i 

1 

4 

10 

2 

poor 

27 

ii 

2 

1  1 

1 

faii- 

17 

7 

- 

5 

9 

1 

poor 

7 

6 

1 

4 

20 

3 

good 

28 

6 

- 

3 

11 

2 

fair 

19 

1 

1 

5 

9 

1 

pool- 

8 

6 

1 

5 

31 

3 

good 

29 

6 

1 

3 

8 

3 

fail- 

20 

12 

1 

5 

7 

2 

poor 

9 

6 

4 

40 

4 

g 1 

30 

2 

- 

2 

5 

- 

poor 

21 

6 

5 

5 

- 

poor 

10 

7 

4 

20 

2 

fair 

31 

7 

- 

3 

8 

- 

fair 
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1919 

Time 

Grs. 

T 
Grs 

)tal 

Spots 

Fac. 
Grs. 

Del. 

1919 

Time 

N.  v* 
(.,- 

1 

1  ,: 

Dtal 
Spot  s 

[■-. , 

Del. 

1919 

1       ■:     | 

New 

Grs. 

r 

Grs. 

tal 
Spots 

Fac. 

Def. 

Sept.    1 

6 

_ 

2 

11 

1 

fair 

Oct.    13 

7 

5 

CO 

1 

fair 

Nov.  23 

8 

2 

3 

7 

■i 

fail- 

2 

7 

- 

2 

11 

faii- 

16 

11 

- 

1 

28 

1 

faii- 

24 

8 

- 

:; 

13 

l 

fa  ir 

3 

6 

2 

4 

24 

4 

fair 

17 

10 

1 

13 

1 

fair 

25 

8 

- 

■-' 

5 

2 

poor 

4 

7 

- 

4 

21 

4 

fair 

18 

8 

3 

9 

1 

fa  i  r 

26 

2 

- 

1 

4 

pooi- 

5 

5 

- 

3 

29 

3 

faii- 

19 

8 

- 

2 

6 

2 

fair 

27 

9 

1 

'J 

13 

1 

fair 

6 

6 

1 

3 

17 

2 

fair 

20 

8 

1 

2 

3 

1 

poor 

28 

s 

- 

•J 

32 

2 

fair 

7 

7 

- 

3 

11 

2 

fair 

21 

8 

- 

1 

2 

2 

faii- 

29 

8 

- 

■1 

6 

- 

poor 

8 

7 

2 

4 

8 

2 

fair 

22 

8 

- 

1 

2 

2 

fair 

30 

8 

2 

4 

8 

3 

pooi- 

9 

8 

- 

2 

6 

- 

poor 

24 

2 

1 

2 

3 

1 

poor 

Dec.     1 

10 

1 

5 

15 

:: 

poor 

11 

6 

1 

3 

22 

- 

faii- 

26 

12 

- 

1 

1 

pool- 

2 

12 

- 

5 

15 

2 

poor 

12 

6 

- 

3 

20 

- 

fair 

27 

12 

1 

3 

7 

1 

fair 

3 

8 

1 

6 

20 

■l 

poor 

13 

7 

- 

3 

17 

2 

faii- 

28 

8 

1 

4 

8 

1 

faii- 

4 

8 

- 

5 

19 

2 

faii- 

14 

7 

1 

4 

20 

2 

fair 

29 

8 

1 

5 

38 

2 

fair 

5 

8 

- 

1 

8 

2 

poor 

15 

7 

- 

4 

20 

2 

fair 

20 

10 

- 

2 

16 

- 

poor 

6 

9 

- 

1 

1 

poor 

16 

7 

0 

2 

16 

1 

faii- 

31 

4 

- 

5 

75 

2 

faii- 

7 

12 

- 

2 

4 

■1 

fail- 

17 

7 

- 

2 

8 

1 

fair 

Nov.    1 

8 

1 

4 

103 

1 

fair 

10 

3 

2 

3 

9 

2 

fair 

18 

7 

1 

3 

10 

2 

fair 

2 

8 

1 

5 

66 

1 

faii- 

11 

8 

- 

2 

10 

2 

faii- 

19 

7 

- 

2 

8 

2 

faii- 

3 

8 

- 

5 

50 

1 

poor 

14 

2 

- 

2 

21 

1 

poor 

20 

6 

2 

4 

25 

2 

fair 

4 

9 

- 

5 

55 

2 

poor 

15 

8 

1 

2 

21 

1 

poor 

21 

5 

- 

3 

38 

3 

fair 

5 

9 

- 

4 

25 

2 

poor 

16 

8 

- 

2 

15 

1 

poor 

22 

7 

- 

3 

20 

2 

faii- 

6 

8 

- 

4 

15 

2 

faii- 

17 

8 

- 

2 

16 

3 

poor 

24 

7 

2 

4 

30 

2 

fair 

7 

9 

1 

4 

7 

2 

fair 

18 

3 

_ 

1 

3 

- 

v.  p. 

25 

4 

- 

5 

53 

2 

faii- 

8 

8 

1 

4 

6 

2 

faii- 

20 

10 

- 

1 

1 

2 

faii- 

26 

10 

- 

3 

28 

2 

fair 

9 

8 

- 

4 

8 

2 

fair 

21 

8 

1 

1 

5 

2 

fair 

27 

6 

2 

6 

25 

2 

fail- 

10 

8 

- 

3 

6 

1 

faii- 

22 

9 

1 

2 

10 

3 

fair 

28 

7 

1 

6 

22 

3 

fair 

12 

8 

- 

3 

3 

2 

poor 

23 

8 

1 

3 

10 

3 

fair 

29 

7 

2 

7 

35 

2 

fail- 

13 

3 

- 

2 

3 

1 

pooi- 

24 

8 

- 

1 

1 

- 

v.  p. 

30 

9 

- 

5 

17 

1 

fair 

14 

8 

- 

1 

2 

1 

fair 

25 

9 

- 

1 

6 

1 

faii- 

Oct.      3 

9 

3 

11 

1 

- 

faii- 

15 

8 

1 

2 

3 

1 

fair 

26 

8 

- 

1 

6 

- 

fair 

5 

12 

1 

3 

13 

2 

good 

16 

8 

- 

5 

3 

faii- 

27 

3 

- 

1 

5 

- 

fair 

6 

4 

- 

3 

7 

2 

fail- 

17 

8 

- 

5 

2 

fair 

28 

9 

- 

1 

3 

- 

poor 

7 

9 

2 

5 

6 

2 

poor 

18 

8 

- 

3 

3 

faii- 

29 

8 

- 

1 

3 

poor 

8 

7 

- 

5 

7 

2 

fair 

19 

8 

1 

3 

1 

fair 

30 

9 

- 

2 

13 

1 

pooi- 

9 

7 

2 

6 

9 

2 

poor 

20 

8 

- 

3 

1 

faii- 

31 

8 

- 

2 

20 

3 

poor 

10 

3 

- 

6 

33 

1 

fail- 

21 

8 

- 

5 

1 

fair 

11 

3 

- 

6 

54 

1 

good 

22 

8 

1 

2 

1 

fair 

NOTE  ON  THE  PARALLAXES  AND  PROPER-MOTIONS  OF  THE  TWO  FAINT  STARS 

B.  D.    +  8°3689   AND   B.  D.    +8°3692, 
By  frank  schlesingeb 


The  positions  of  these  two  objects  for  1900  are: 


B.  D.  +8°  3689 
B.  D.  +8°  3692 


18h  21m  25s 
18    21     36 


+  8°  43'  58" 
8   34    14 


The  visual  magnitudes  are  8.0  and  S.5  and  the  spectra 
Gl  and  G5  respectively. 

The  relative  parallaxes  and  proper-motions  in  right 


ascensions  have  been  determined  here  from  plates 
taken  with  the  Thaw  Refractor,  for  the  first  star  by 
Miss  Knudsen  and  the  writer,  and  for  the  second  by 
Dr.  Henroteau: 

Relative  parallax        Relative  proper-motion 
in  n^iii  ascension 


B.  D.  +8°  3689     +".026  ±".009 
B.  D.  4-8°  3692     +    .037  ±    .012 


■".196  ±".010 
.214  ±    .010 
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To  gel  the  absolute  parallaxes  we  should  add  ".005. 
Adam-  and  Joy  have  determined  the  parallaxes  by 
the  spectroscopic  method:  +".052  and  +".018.  Giv- 
ing equal  weight  to  these  values  ami  our  own  we  have 
for  the  means  (-".041  and  +".030  (absolute).  Kap- 
teyn  and  Weersma  give  +".037  for  the  mean  absolute 
parallax  of  the  two  stars,  as  determined  from  plates 
taken  by  Donneh  and  measured  at  Groningen.  If  we 
assume  that  the  two  parallaxes  are  really  the  same  the 
mean  from  all  the  data  is  +".036   ±".005  (absolute). 

The  proper-motions  of  these  two  .-tars  are  given  in 

incinnati  ( 'atalogue  of  Proper- Motion  Stars  (derived 

from   meridian   observations),   and   also   in    No.    19   of 

the    Groningen    Publications    (from    measurements    of 

photographs) : 


/..  p.  +s  3689 


LI,  I).  +s  3692 


Proper-motion  in 
declination 

1  n  iper-motion  in 
right  asce a 

-".50 

-".237  (Cincinnati) 

.456 

—    .167  (( rroningen) 

-    .196  (Allegheny) 

-".47 

—    .178  (Cincinnati) 

-    .458 

—    .194  (( Ironingen) 

-    .214  (Allegheny) 

In  all  probability  the  two  stars  have  essentially  the 
same  proper-motion,  the  mean-  being  —".47  and 
—  ".20.  equivalent  to  a  total  proper-motion  of  ".51  in 
position  angle  203°. 

It  is  evident  that  these  two  stars  form  one  of  those 
interesting  systems  (like  Capella,  a  Centauri  and 
others  that  have  recently  come  to  light)  in  which  two 
stars  are  separated  by  linear  distances  that  make 
their  mutual  attraction  negligibly  small,  and  yet  their 
physical  connection  tin  some  sense)  is  shown  by  the 
presence  of  large  proper-motion  common  to  the  two 
stars.  In  this  case,  assuming  that  the  parallax  is 
+  ".036.  tin  distance  between  the  two  stars  is  at 
least  17,000  times  that  between  the  Earth  and  the 
Sun,  and  may  be  much  greater  than  this  if  the  line 
joining  the  stars  makes  a  small  angle  with  our  line  of 
sight.  Assuming  that  the  combined  mass  of  the  two 
is  equal  to  that  of  the  Sun,  their  attraction  for  each 
other  is  so  feeble  that  more  than  two  million  years 
would  be  required  for  them  to  complete  one  revolution 
around  each   other. 


AUegh  ny  01  '     <  <  of  Pittsburgh, 

January    ' 


OBSERVATIONS  OF  COMETS, 

MADE    WITH    THE    16-INCH    EQUATORIAL    OF    GOODSELL    OBSERVATORY, 

By  H.  C.  WILSON. 


Date 

Gr.  Ml'. 

Au 

a8 

No.  of 
Comps. 

App.  o 

App.  6 

log  /'A 
a                     8 

* 

Cornel   b   1 

019   (Br 

orsen-Metcalf) 

1019 

Aug.  30 

16   05   26 

\  +0  05.60 
(  +2  07.72 

+    1    11.7 
-   0  44.3 

10  .  s 
1  ,  2 

22  05  56.85 

f  52   24    15.8 

9.403/; 

9.8907! 

1 
2 

pt.   15 

15    15   23 

+  1  55.25 
(+0  01.12 
<-l  57.84 

-  ti  34.6 

-  9  02.7 

9  .  0 
0  .  0 

12  28    15.07 

+  52  21    59.9 

0.702 

(I.  SOS 

3 
4 

17 

15  05  32 

-    2  09.3 

0  .  2 

5 

(+0   18.57 

-   7  40.1 

10  ,  2 

12  Hi  20.84 

+  17    18  50.9 

o.7ol 

0.834 

0 

1+0    10. NO 

-   3  -1  1.3 

0  .  0 

i 

19 

13  43  or, 

^+0  04.43 

-   -1  38.3 

3  .  2 

8 

(-0  00,19 

-11   31.1 

2  ,  2 

12    OS   00.03 

+  43  02  07.7 

9.736 

0.707 

9 

22 

M  oo  20 

\  +o  35.71 
I  -0  08.28 

+   2  55.1 
+   7  07.0 

0  .  0 
0  .  3 

11   59    11.74 

+  37   25  00.3 

0.000 

0.824 

10 
11 

Cornel   e   1 

no  (Mi 

TCALF-BORRl 

Ami.   30 

11   5  1   59 

-0  05. lis 

+    1   51.1 

12  .  0 

14   15  54.79 

1  23   57   25.0 

9.646 

(1.094 

12 

Sept.    15 

11    13  21 

-0  41.92 

+   0    11.8 

1  s  ,  o 

14  44  .VI. 2'! 

+  17  00  00.2 

0.023 

0.726 

13 

l-.l 

I.",   05   51 

-0  01.21 

+   4   22.0 

0  .  0 

14  53  02.S0 

r-15  07  -11.0 

9.638 

0.768 

14 

22 

14  59  31 

+  0  25.10 

-   4   31.7 

9  .  0 

11   50    IS. 51 

+  13  42  2S.S 

9.635 

0.771 

15 

26 

13  37  23 

-0  09.68 

+    1  20.4 

0,6 

15  07  50.12 

+  11  48  02.6 

9.602 

0.744 

16 
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Date 


Oct. 


2 
10 

18 
21 
28 


Nov.  14 

15 

17 
18 
19 

21 

25 


Gr.  M  T. 


No.  of 


App. 


App.  S 


13 

38 

24 

13 

39 

32 

13 

01 

25 

12 

59 

08 

13 

22 

32 

Sept 

19 

23 

Oct. 

16 

+  1 

01.32 

-0 

30.1)0 

-0 

35.95 

+  0  44.04 

+  0 

16.99 

5 

59 

06 

5 

55 

58 

4 

37 

13 

\  +0    15.20 
|+2  0, 

-0  40.01 
\  +0  10. OS 
/  +0  01.49 


14 

25 

21 

14 

32 

37 

13 

19 

47 

15 

56 

38 

14 

43 

24 

11 

00 

37 

14 

23 

52 

-0 

11.43 

\-o 

07.17 

I  -0 

55.18 

+  0 

(17. Mil 

-0 

06.21 

+  0 

24.78 

\  +0  05.67 

(  -0 

30.74 

-0 

03.39 

i   1919  (Metcalf-Borrelly) 


+ 

3  07.4 

9 

6 

- 

5  06.6 

12 

6 

+ 

3  47.-1 

11 

6 

+ 

1   09.9 

9 

6 

- 

7  23.5 

9 

6 

15 

21 

27.02 

15 

ID 

■V.). 77 

hi 

01 

36.77 

L6 

09 

50.11 

16 

29 

56.69 

+   8  4!)  L2.9 

4    4  42  04.0 

+    0  27  27.0 

1  Kl  26.9 

-    5  00  29.9 


Cornel   a   1919  (Kopff's   Pei 


+ 

4  51.8 

10 

6 

- 

1    16.6 

6 

2 

+ 

0   is. 5 

12 

6 

+ 

2  51.2 

6 

6 

+ 

7  35.7 

5 

4 

53   15. no 

58  05.7  4 


20  30    12.87 


7   54 


17.6 
41.1 


-    7    1!)  52. S 


< 'omit   d   1919  (Finlay-Sasaki) 


- 

1    53.4 

6 

6 

+ 

0  05.8 

6 

6 

+ 

1   22.3 

(i 

3 

+ 

0   10.2 

8 

6 

+ 

0  59.0 

6 

6 

+ 

2  34.9 

6 

6 

+ 

1    37.7 

6 

6 

+ 

6  01.5 

9 

3 

- 

1  28.1 

c 

6 

23  13 

08.25 

23  21 

29.49 

23  37 

15.5S 

23  45 

54.34 

23  53 

09.66 

0  07 

38.68 

0  34 

48.48 

9.606 
9.609 

0.501 
0.502 
9.612 


9.273 

0.302 


6 

52 

51.5 

5 

38 

17.7 

3 

17 

51.7 

1 

59 

53.5 

0 

54 

38.3 

1 

15 

27.4 

5 

15 

04.8 

8.807 
8.922?! 
9.275 
8.708 

8.554n 
8.149n 


0.760 

0.777 
0.786 

0.701 

0.705 


0.836 

0.S35 


0.210       0.834 


8.768       0.S35 


0.827 

O.M  I 
0.S01 

0.701 

0.77s 
0.743 


17 
18 

10 
20 

21 


22 
23 
2  1 
25 
26 


27 
28 
29 
30 
31 
32 
33 
34 
35 


The  observations  have  been  correcti 
by  Prof.  C.  H.  Gingrk  h. 


for  refraction  and  the  reductions    have  all  been  thoroughly  checked 


Comparison  Stars 
Mean  places  for  1919.0  and  Reductions  to  Apparent  /ilncc 


* 

- 

8 

Red.  a 

Red.  8 

Authority 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Il          III            s 

22  05  46.67 
22  03  38.05 
12  26    10.30 
12   16    L8.88 
12   IS   10.72 
12  17  58.15 
12  07  54.66 
12  07  50.23 
12  07  50.72 
11   58  34.00 
11   58  42.07 

+52  22  36.4 
+  52  23  20.7 
+  52  28    15.2 
+  47 

+47  30    147 
+  47  37 
+  43  06  04.9 
+  43   10  43.2 
+  43  22   17.3 
+  37  22  25.0 
+  37  15  17.1 

* 

• 

B.  J).  +52°  3121 
A.  G.  Harvard  7462 

A.  G.  Harvard  4000 

B.  D.  +47°  1051 
B.  D.  +47°  L956 
Kiistner  5471 

10"1     Anonymous 
0'".5  Anonymous 
.[.<,.  Bonn  S301 
B.  D.  +37°  2241  ? 
A.  G.  Lund  5333 

+4.58 
+  0.52 

l-o. SI 

+  1.08 

+24.7 
-  10.7 

-11.8 

-  12.0 

+  1.34 

-13.8 
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* 

■ 

8 

Red.  a 

Red.  6 

Authority 

12 

ll      II 
14   15 

58.76 

+  23 

52 

33.8 

+  L71 

-   0.2 

Paris  Ph.  +24°,  14h  16m  No.  100 

13 

14  45 

34.28 

+  16 

.V.i 

48.9 

+  1.93 

-    0.5 

Bordeaux  Ph.  +17°,  14h  44m  No.  38 

14 

14  53 

05.08 

+  15 

03 

20.0 

+  1.93 

-    0.4 

Bordeaux  Ph.  +15°,  14h  52"'  No.  46 

15 

14  58 

51.11 

+  13 

47 

03.9 

+  1.94 

-    0.4 

Bordeaux  Ph.  +14°,  14h  56'"  No.  67 

16 

15  07 

57.83 

+  11 

46 

42.3 

+  1.97 

-    0.1 

-4.  G.  Leipzig  5328 

17 

15  20 

23.69 

+   8 

46 

05.5 

+  2.01 

0.0 

Toulouse  Ph.  +9°,  151'  16m  No.  180 

18 

15    tl 

18.57 

+   4 

47 

10.0 

+  2.10 

+   O.li 

Toulouse  Ph.  +5°,  15h  40"  No.  198 

19 

16  02 

10.17 

+  o 

23 

38.6 

+  2.25 

+  l.lt 

Algiers  Ph.  +0°,  16h  00m  No.  46 

20 

16  09 

03.84 

-    1 

11 

38.0 

+  2.24 

+    1.2 

Algiers  Ph.  -2°,  16h  08m  No.  70 

21 

16  29 

37.33 

-   4 

53 

08.7 

+  2.37 

+   2.3 

Munich  1   12717,  Warshau  3946 

22 
23 

19  52 
19  50 

56.47 
50.84 

-  8 

-  8 

02 
01 

28.5 

11.9 

B.  D.  -8°  5174 

.1.  C.  Wien-Ottakring  6977 

+  3.93 

+  19.1 

24 

19  58 

n.s;, 

-    7 

55 

19.0 

+  3.90 

+  19.4 

A.  G.  Wien-Ottakring  7044 

25 

26 

20  30 
20  30 

29.12 
27.63 

—  7 

-  7 

23 
30 

05.7 
41.4 

Anonymous 
Munich  1  25081 

+3.67 

+  21. S 

27 

23    13 

15.67 

-   6 

51 

24.3 

+  4.01 

+  26.2 

B.  I).  -7°  5976.     Northfiehl  Ph. 

28 
29 

23  21 
23  22 

32.62 
27.80 

—  5 

-  5 

39 

1(1 

19.9 

42.2 

U.  1).  -6°  6208 

.1.  G.  Wien-Ottakring  8318 

+  4.04 

+  26.4 

30 

23  37 

04.10 

-   3 

18 

28.8 

+  4.09 

+26.9 

.1.  G.  Strassburg  8117 

31 

23  45 

56.44 

-   2 

01 

19.5 

+  4.11 

+  27.0 

Algiers  Ph.  -2°,  23h  44'"  No.  75 

32 

23  52 

40.73 

-    0 

57 

40.4 

+4.15 

+  27.2 

Algiers  Ph.  -1°,  23h  48"'  No.  91 

33 

0  07 

28.81 

+    1 

13 

22.4 

10'". 5  Anonymous 

34 

0  07 

59.55 

+    1 

07 

20.9 

+4.20 

+  27.3 

Algiers  Ph.  +0°,  0h  08'"  No.  20 

35 

0  34 

47.50 

+   5 

16 

07.9 

+  4.37 

+  27.4 

Toulouse  Ph.  5°,  0h  36'"  No.  19 

ELEMENTS   OF   COMET  b   1919    (METCALF), 

By  P.  E.  SEAGRAYK. 

Elements 


The  following  elements  were  computed  by  Watson's 
method  from  three  observations  by  Barnard  on  the 
following  dates: 


1919  Aug.   21.(19770  (!.  M.  T. 
Sept.    4.93380 
Sept.  16.58374 


log  A  =  9.452094 
log  A'  =  9.298111 
log  A"  =  9.449059 


E    =  Sept.  4.933SD.  1919,  ( 

;.  m. 

T. 

M  =  359°  25'  23".03 

Log  a 

=  1.236749 

u     =  129    29  32   .08 

Log  e 

=  9.987618 

7T     =     80    14   54   .27 

Log  q 

=  9.685574 

Q,    =310   45   22   .19 

m 

=  49".5316 

i     =     19    12  49   .31 

■  Equatorial  Constants 

x  =  r[9.986068]  sin  |  42:  23'  10". 00  + 
y  =  r[9.913629]  sin  (302  1  IS  .02  + 
z  =  r[9.795708]  sin  (331      9   10  .32  + 


CONTENTS. 

Note  on    .\    Annual  Term  in  the  Right  Ascensions,  [Second  Paper],  by  M.  L.  Zimmer. 
1   Observations,  ky  A.  W.  Qtjimby. 

hi     P   i    M  ,-.i,  Proper-Motions  of  the  Two  Faint  Stars  li.l).  -r8°3689  and  B.D.  +8°3692, 

by  Frank  Schli    ingeh 
Observations  of  Co 

re  in   Comet  b  1919     '/<'.  d)   .  bi    V.  E.  Seaorave. 

bany,    N    Y  :      \  ors:     E.    E.    Barnard.    Ernest    W.    Brown,    F.  R.    Moulton   and  R.  S.    Woodward. 

Published  by  thh    Dudley   Observatory,  Albany,  N   Y..  U.  S    v.   ro  which  all  Communications  Should  Be  Addressed.     Price.  S5.00  the  Volume. 
Co.,  LYNN,  Mass.     Closed,  March  I.  1920. 


THE 


ASTRONOMICAL   JOURNAL 


FOUNDED    BY     B.    A.    GOULD 

No.  767 


VOL.  XXXII 


ALBANY,   N.Y.,  1920,    APRIL  8 


NO.  23 


THE   PARALLAX   OF  KRUEGER   60, 

By  S.  A.  MITCHELL. 


The  interest  in  the  binary  Krueger  60  is  due  mainly 
to  the  work  of  Professor  Barnard  who  has  been  an 
assiduous  observer  of  it.  Its  parallax  was  determined 
by  him  from  micrometer  measures,  and  a  long  and 
careful  series  of  observations  have  been  made  of 
position  angle  and  distance.  An  account  of  these 
measures  is  given  in  Monthly  Notices  68,  629,  1908 
and  76,  592,  1916.  From  Barnard's  observations  and 
some  by  Doolittle,  Russell  has  investigated  the 
orbit.  (Astronomical  Journal  30,  131,  1916.)  The 
observations  to  1916  are  satisfied  equally  well  by  either 
of  two  orbits,  orbit  B  with  period  of  46.0  years,  or 
orbit  C  with  period  of  54.9  years. 

Owing  to  the  great  interest  attaching  to  the  star  on 
account  of  the  large  proper-motion,  large  parallax  and 
rapid  orbital  motion,  it  was  put  on  the  parallax  pro- 


gram of  the  McCormick  Observatory.  Heretofore, 
the  parallax  of  the  brighter  component  A  only  has 
been  determined.  The  following  measures  give  for  the 
first  time  the  parallax  of  the  component  B,  separated 
from  A  by  2",  and  also  of  the  distant  companion,  C. 
When  first  observed  by  Krueger  the  distance  AC 
was  12".  In  1890  Burnham  found  that  A  was  an 
unequal  double  and  this  forms  tin'  binary  system  AB. 
Due  to  the  large  proper-motion  of  AB,  the  star  C  has 
been  left  behind  in  space  and  the  distance  AC  has  now 
increased  to  54".  The  parallaxes  depend  on  22  plates 
each  with  two  exposures  (except  plate  5513),  and 
taken  in  five  successive  seasons.  All  the  plates  of  the 
series  were  exposed  by  the  writer  except  5511-2-3  and 
5570  taken  by  Dr.  H.  L.  Alden. 


Reductions  foe 

Krueger  60, 

B 

Plate 

Date 

Solution 

("0 

Weight 

(P) 

Parallax 
Factor  (P) 

Time  in 
Days  (/) 

Residual 

(»)        " 

Vp.y. 
in  Arc 

3418 
3419 
3437 

1916   Nov. 

Nov. 
Nov. 

21 

21 
26 

+  0.1088 
+   .1084 
+   .1098 

1.0 
1.0 
1.0 

-0.916 

-  .916 

-  .919 

-393 
-393 

-388 

+  0.0020 
+   .0024 
+   .0003 

+  0.04 
+   .05 
+   .01 

.  3438 
4166 
4167 

Nov. 

1917  July 

July 

26 
4 
4 

+   .1050 
+   .1004 
+   .1058 

1.0 
1.0 
1.0 

-    .919 
+   .743 

+   .743 

-388 
-168 
-168 

+   .0.051 

-  .0025 

-  .0019 

+   .11 

-  .05 

-  .04 

4168 
4696 
4697 

July 
Nov. 

Nov. 

4 
4 
4 

+   .1082 
+   .0679 
+   .0686 

1.0 
1.0 

0.8 

+    .743 

-  .853 

-  .853 

-168 

-  45 

-  45 

-  .0043 
+   .0003 

-  .0004 

-  .09 
+    .01 

-  .01 

4701 
4702 
4727 

Nov. 
Nov. 
Nov. 

5 
5 

7 

+   .0724 
+   .0706 
+   .0664 

1.0 

1.0 
1.0 

-  .859 

-  .859 

-  .870 

-  44 

-  44 

-  42 

-  .0044 

-  .0026 
+   .0012 

-  .09 

-  .05 
+   .02 

4728 
5511 
5512 

Nov. 

1918  July 

July 

7 
2 
2 

+    .0726 
+   .0521 
+   .0600 

1.0 
1.0 
0.7 

-   .870 
+   .764 
+   .764 

-    42 
+  195 
+  195 

-  .0050 
+   .0068 

-  .0011 

-  .10 
+    .14 

-  .02 

(177) 
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Plate 

Date 

Solution 
(m) 

Weight 
(P) 

Parallax 
Factor  (P) 

Time  in 
Days  (t) 

Residual 

in  Arc 

5513 

1918  July     2 

+  0.0549 

0.5 

+  0.764 

+  195 

+  0.0040 

+    .06 

5570 

July  20 

+   .0527 

0.8 

+    .565 

+  213 

+   .0014 

+    .02 

5871 

Nov.    3 

+   .0194 

0.8 

-   .846 

+319 

+   .0035 

+   .07 

5903 

Nov.    7 

+   .0210 

1.0 

-   .869 

+  323 

+   .0011 

+   .02 

5970 

Nov.  14 

+   .0238 

0.8 

-   .899 

+330 

-   .0029 

-    .05 

5971 

Nov.  14 

+  0.0220 

1.0 

-0.899 

+  330 

-0.0011 

-0.02 

The  normal  equations  are: 

19.4c  -   5.474  n  -   7.4656tt  =  +  1.3984mm 

+  120.7411^  +  6.6985tt  =  -1.8222mm 

+  13.6446tt  =  -0.4584mm 


trom  which 

c  =  +0.07346mm 

yu  =   —0.01247mm  per  100  days,  or   —  0".946  per  year 

tv  =  +0.01272mm  =  +0".265    ±0".014 


Reductions  for  Principal  Star  A  and  Companion  C 


Date 


Weight 

(P) 


Parallax 
Factor 


Time  in 
Days 


Solution 


Vp.a. 

in  Arc 


Solution 


Vp.». 

in  Arc 


3418 
3419 
3437 

3438 
4166 
4167 

4168 
4696 
4697 

4701 
4702 
4727 

4728 
5511 
5512 

5513 
5570 
5609 

5871 
5903 
5970 

5971 


1916  Nov.  21 
Nov.  21 
Nov.  26 

Nov.  26 

1917  July  4 
July  4 

July  4 
Nov.  4 
Nov.  4 

Nov.  5 
Nov.  5 
Nov.  7 

Nov.  7 

1918  July  2 
July  2 

July  2 
July  20 
Aug.  6 

Nov.  3 
Nov.  7 
Nov.  14 

Nov.  14 


1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 
1.0 

0.8 

1.0 
1.0 
1.0 

1.0 
1.0 
0.7 

0.5 
0.8 
0.8 

0.8 
1.0 
0.8 

1.0 


-0.916 

-  .916 

-  .919 

-  .919 
+  .743 
+  .743 

+  .743 

-  .853 

-  .853 

-  .859 

-  .859 

-  .870 

-  .870 
+  .764 
+  .764 

+  .764 
+  .565 
+  .330 

-  .846 

-  .869 

-  .899 

-0.899 


-393 
-393 

-388 

-388 
-168 

-168 

-168 

-  45 

-  45 

-  44 

-  44 

-  42 

-  42 
+  195 
+  195 

+  195 
+  213 
+  230 

+  319 
+  323 
+  330 

+  330 


+  0.0144 

+  .0148 

+  .014S 

+  .0148 

+  .0204 

+  .0146 

+  .0176 

-  .0159 

-  .0137 

-  .0088 

-  .0114 

-  .0146 

-  .0128 

-  .0144 

-  .0097 

-  .0185 

-  .0228 

-  .0210 

-  .0504 

-  .0482 

-  .0480 

-0.0462 


+  0.03 
+  .02 
+  .01 

+  .01 

-  .06 
+  .06 

.00 

+  .04 

.00 

-  .11 

-  .06 
.00 

-  .04 
.00 

-  .08 

+  .06 
+  .08 

-  .04 

+  .08 

+  .03 

.00 

-0.03 


+  0.0301 

+  .0300 

+  .0346 

+  .0306 

+  .0358 

+  .0318 

+  .0314 

+  .0335 

+  .0309 

+  .0326 

+  .0359 

+  .0366 

+  .0326 

+  .0320 

+  .0365 

+  .0275 

+  .0312 

+  .0350 

+  .0343 

+  .0310 

+  .0329 

+  0.0314 


+  0.05 
+  .04 

-  .05 

+  .04 

-  .07 
+  .02 

+  .02 

-  .02 
+  .03 

.00 

-  .07 

-  .08 

.00 
+  .02 

-  .06 

+  .08 
+  .03 

-  .04 

-  .02 

+  .04 
.00 

+  0.03 
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The  normal  equations  are: 


Star  A 


from  which 


20.2c  -     3.634  yu  -   7.2016tt  =  -0.2017mm 

+  124.9731m  +   7.3057tt  =   -0.9858mm 

+  13.7318tt  =  +0.1622mm 

n  =  —  0".671  per  year 
it  =  +0".267   ±0".011 


Star  C 

+0.6621mni 
-0.1085mm 
-0.2349mm 

+  0".006  per  year 
+0".001    ±0".010 


Since  the  stars  A  and  B  form  a  physical  system, 
their  parallaxes  should  be  the  same.  Their  values 
differ  by  0".002.  Combining  the  results,  the  parallax 
for  AB  becomes  +0".266   ±0".009. 

The  values  determined  for  the  principal  star  A  are: 
Barnard  by  micrometer  0".249  ±0".010,  Schlesinger 
by  photography  with  Yerkes  refractor  0".252  ±0".006, 
and  Russell  by  photography  0". 258  ±0". 019.  These 
v;ilues  combined  with  the  McCormick  result  give  the 
parallax  +0".256  ±0".006.  This  parallax  is  relative 
in  the  system  of  comparison  stars  chosen.  The 
absolute  parallax  is  4-0". 261. 

The  star  C  has  a  relative  parallax  +0".001  ±0".010 
and  a  negligible  proper-motion.  C  has  a  magnitude 
nearly  equal  to  each  of  the  five  comparison  stars,  so 
that,  as  we  should  expect,  it  is  relatively  fixed  with 
respect  to  these  comparison  stars. 

It  will  be  shown  below  that  measures  up  to  1919 
indicate  that  the  orbit  of  AB  is  intermediate  between 
Russell's  orbits  B  and  0,  so  that  the  period  is  nearly 
50  years  and  a  =  2". 68.  The  distance  AB  is  accord- 
ingly 10.2  astronomical  units,  and  the  mass  of  the 
system  is  0.42  times  the  Sun's  mass. 

It  will  be  noticed  that  the  proper-motion  in  right 
ascension,  or  pa  cos  5,  for  the  star  A  is  — 0".671  while 
that  for  the  companion  star  B  is  —  0".946,  the  con- 
siderable difference  being  due  to  orbital  motion. 
According  to  Porter,  the  proper-motion  of  the  center 
of   gravity   is    —  0".797,   but  unfortunately  this   value 


is  very  uncertain  since  the  star  lias  been  under  observa- 
tion (except  for  one  rather  weak  measure)  only  since 
1898.  It  will  be  necessary  for  another  twenty-live 
years  to  elapse  before  the  proper-motion  of  the  cent  (a' 
of  mass  is  known  with  any  high  degree  of  precision. 
The  proper-motions  of  .1  and  B  differ  from  Pom  I  r's 
value  of  the  center  of  mass  by  — 0".126  and  +0".  1  19, 
respectively.  The  masses  of  B  and  A  must  therefore 
be  in  the  ratio  of  126:149,  or  approximately  5:6. 
It  should  be  clearly  understood  that,  due  to  the  ureal 
uncertainty  in  the  proper-motion  of  the  center  of 
gravity,  this  ratio  should  be  regarded  merely  as  a 
rough  approximation.  From  measures  of  AC,  Russell 
finds  the  masses  B/A  as  0.56  and  0.35  from  two  diff- 
erent solutions.  After  the  lapse  of  a  comparatively 
few  years,  by  continuation  of  the  measures  AC,  it 
will  be  possible  to  determine  the  ratios  of  the  masses 
with  a  much  higher  degree  of  precision. 

Assuming  the  masses  A  to  B  are  as  2  :  1,  I  lien  the 
mass  of  .4  is  two-sevenths  that  of  the  ,S'/(/(,  and  B 
one-seventh.  As  Russioll  lias  remarked  (Inc.  cit.) 
the  fainter  companion  is  the  smallest  mass  assigned 
with  any  considerable  degree  of  accuracy  to  any 
visible  star.  Although  the  mass  is  one-seventh  of 
the  Sun's,  the  luminosity  is  only  1/2500  that  of  the 
Sun.  This  luminosity  is  about  equal  to  that  possessed 
by  Barnard's  Star  of  Large  Proper-Motion,  so  that 
intrinsically  these  two  stars  are  among  the  faintest 
stars  yet  known  to  astronomy. 


PHOTOGRAPHIC   MEASURES  OF  KRUEGER  60  AS  A   DOUBLE   STAR, 

By  S.  A.  MITCHELL  and  C.  P.  OLIVIER. 


In  view  of  the  very  excellent  series  of  measurements 
of  position  and  distance  of  Krucger  60  made  by  Pro- 
fessor Barnard  this  seemed  an  excellent  star  to 
use  as  a  test  object  for  comparing  the  accuracy  of 
measures  from  photographs  with  those  made  directly 
at  the  telescope  by  means  of  the  micrometer. 

On  one  photograph  of  the  series  of  plates  of  Krueger 
60  a  bright  star  was  allowed  to  trail.  This  trail  was 
transferred  to  each  of  the  other  plates  by  superposing 
the  star  images  on  a  plate  compared  with  the  standard 


plate,  and  marking  a  trail  in  ink  on  the  glass  side  of 
the  plate.  This  method  permitted  a  quick  orientation 
of  the  plate  in  the  measuring  machine  and  introduced 
errors  in  position  angle  purelj  accidental  amounting 
to  not  more  than  half  a  degree.  The  measures  were 
made  in  X  and  Y  coordinates  from  which  the  position 
angles  and  distances  were  calculated.  The  additional 
plates  in  1919  were  taken  by  Mitchell  who  also 
measured  the  relative  positions  of  the  stars  AB,  AC 
and  BC.     AB  only  was  measured  by  Olivier. 
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Position  Angles  and  Distances  of  Krueger  60 


Plate 

Date 

A  and  B 

A 

c 

B 

C 

Mitchell 

Olivier 

M 

■an 

3418 

1916.891 

62.1 

2.43 

59.2 

2.35 

60.6 

2.39 

59.1 

51.71 

59.0 

49.28 

3419 

.891 

59.0 

2.33 

60.2 

2.41 

59.6 

2.37 

59.6 

51.68 

59.6 

4<).35 

3437 

.905 

62.2 

2.48 

62.2 

2.48 

59.4 

51.77 

59.3 

49.28 

3438 

.905 

60.9 

2.46 

61.1 

2.32 

61.0 

2.39 

58.8 

51.72 

58.8 

49.27 

Mean.-; 

1916.898 

61.06 

2.42 

60.17 

2.36 

60.67 

2.40 

59.25 

51.72 

59.17 

49.30 

4166 

1917.507 

57.6 

2.20 

57.6 

2.31 

57.6 

2.26 

59.3 

51.69 

59.4 

49.41 

U67 

.507 

56.3 

2.27 

57.  1 

2.41 

56.8 

2.34 

59.0 

51.70 

59.1 

49.43 

U68 

.507 

56.3 

2.27 

57.0 

2.42 

56.6 

2.34 

59.1 

51.75 

59.2 

49.47 

Means 

1917.507 

56.75 

2.25 

57.33 

2.38 

57.04 

2.31 

59.13 

51.71 

59.23 

49.14 

1917.844 

55.2 

2.10 

55.2 

2.20 

55.2 

2.15 

59.4 

52.44 

59.5 

50.39 

4697 

.844 

53.9 

2.13 

54.2 

2.17 

54.0 

2.15 

58.6 

52.47 

58.8 

50.23 

4701 

>17 

54.2 

2.11 

53.2 

2.20 

53.7 

2.16 

59.1 

52.80 

59.3 

50.22 

47UL' 

.S47 

52.7 

2.26 

.",3.1 

2.16 

53  0 

2.21 

59.1 

52.43 

59.4 

50.19 

4727 

.852 

52.6 

2.13 

54.2 

2.22 

53.4 

2.18 

59.1 

52.42 

59.4 

50.29 

172s 

.852 

54.0 

2.23 

54.4 

2.32 

54.2 

2.28 

59.4 

52.44 

59.6 

50.21 

Means 

1917.847 

53.77 

2.16 

.-.1.11! 

2.21 

2.18 

59.12 

52.50 

59.34 

50.26 

5511 

1918.501 

48.9 

1.95 

49.4 

L.87 

49.2 

1.91 

59.0 

52.46 

59.4 

50.50 

5512 

.501 

50.0 

2.09 

49.2 

2.02 

49.6 

2.00 

59.0 

52.48 

59.4 

50.42 

5513 

.501 

50.3 

2.11 

49.4 

2.08 

49.8 

2.10 

58.9 

52.53 

59.2 

50.42 

5569 

.550 

50.0 

2.11 

49.0 

2.14 

49.5 

2.12 

5!).  4 

52.72 

59.8 

50.64 

Means 

1918.512 

49.78 

2.06 

49.25 

2.03 

49.52 

2.04 

59.08 

52.55 

59.45 

50.50 

5870 

1918.841 

47.0 

2.01 

46.2 

2.08 

46.6 

2.04 

.-,0.5 

53.07 

60.0 

51.14 

5871 

.841 

46. 1 

2.14 

L6.4 

2.23 

46.2 

2.18 

.V.i.  2 

53.28 

59.8 

51.22 

5903 

.852 

45.4 

2.14 

45.1 

2.30 

45.2 

2.22 

59.4 

53.22 

59.9 

51.15 

5904 

.852 

45.0 

2.15 

46.6 

2.20 

45.8 

2.18 

59.1 

53.26 

59.7 

51.18 

597] 

.871 

45.9 

2.04 

46.7 

2.18 

46.3 

2.11 

58.9 

53.30 

59.5 

51.36 

Means 

1918.851 

46.10 

2.10 

46.20 

2.20 

46.15 

2.15 

59.22 

53.28 

59.98 

51.21 

7849 

1919.744 

38.4 

1.87 
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38.4 

1.85 

36.7 
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37.5 

1.S7 

59.40 

53.75 

60.12 

52.06 

The  scale  of  the  photographs  is  1"""  =  20". is.  so 
that  in  1919.1  ami  B  were  separated  on  the  photographs 
0.09  millimeters. 

For  purposes  of  comparison,  Prokkssoh  Barnard 
has  kindlj  -cut  his  micrometer  measures  made  on 
this  interesting  pair  between  the  years  L916  and  L9i9 
inclusive.     In    making   this   comparison   it    should   be 


borne  in  mind  that  it  is  probably  more  difficult  to 
measure  .1''  and  IU  accurately  with  a  great  telescope 
like  the  40-inch  than  it  is  to  accomplish  this  on  a 
photograph.  In  measuring  a  double  star,  the  ob- 
server must  make  the  two  wires  bisect  each  of  the 
stars  at  the  instant  of  observation  and  it  becomes 
difficult  to  see  both   wires  at  the  same  time  when  the 
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distances  are  as  great  as  nearly  1',  as  is  the  case  with 
AC  and  BC.  On  the  other  hand,  due  to  the  small 
distances  separating  the  centers  of  the  star  images 
A  and  B  on  the  photographs,  this  is  a  more  difficult 
object  on  the  photographs  than  it  is  with  the  mi- 
crometer. 

As  a  result  of  the  comparisons  between  micron 
and  photographic   measures  the  following  conclusions 
can  be  drawn: 

(1)  Barnard's  measures  of  the  wide  pairs  AC 
and  BC  agree  among  themselves  and  are  quite  as 
accurate  as  the  measures  from  the  photographs. 

(2)  In  spite  of  the  small  distance  separatinj 
stars  AB  and  of  the  difference  in  magnitude  of  the 
components  which  exceeds    1.5   magnitudes,   this  star 
should  be  classed  as  an  "easj  "  object  to  measure  on 
the  photographs. 

(3)  The  photographic  measures  of  AB  are  quite  as 
accordant  as  the  very  excellent  measures  of  Proi  i 
Barnard. 

(4)  There  is  no  evidence  of  any  systematic  errors 


whatever  in  the  photographic  measures,  the  position 
angles  and  distances  being  quite  as  accurate  as  if  made 
with  the  micrometer  attached  to  the  26-inch  Mc- 
Cormick  refrai  toi 

(5)  The  measures  of  .1/;  compared  with  Russell's 
ephemeris  show  that   the  distances  measured  in   1918 

and  1919  agree  quite  closely  with  otl.it  B  of  period 
46.0  years,  while  the  position  angles  follow  orbit  C 
with  period  54.9  years,  indicating  a  period  approxi- 
mating 5!)  years. 

(6).  The  ephemeris  shows  thai  it  will  be  possible  to 
continue  to  measure  AB  on  the  photographs  through 
periastron. 

The  above  is  a  small  pari  only  of  the  measures  of 
doubles  made  from  the  McCormick  photographs. 
The  measures  by  Olivier  of  95  doubles,  32  being  new- 
discoveries  separated  by  less  than  5",  is  now  in  press 
and  will  soon  appear  as  a  Publication  of  tin-  Leander 
McCormick  Observatory. 

;,'  l  Observatory 

'  'niversity  of  Virgi 


OBSERVATIONS  OF  VARIABLE   STARS, 

By  WILLIAM  DOBERCK. 

(Continued  from  A.  J.  705. ) 


RZ  Cygni:  The  H.  C.  comparison  stars  were  used 
and  also  p  (A.  S.  V.  65)  11.20,  g  (69)  11.37,  and  r  (75) 
11.71,  which  were  determined  here.  The  value  of 
the    step    is    0.082    mag.     Individual    maxima    were 


observed  at  0718  (9.9),  1255  (10.1),  and  at  1812  (9.8). 
The  average  maximum  occurred  at  242  1262  (9.9). 
The  period  appears  to  have  increased. 
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U  Bootis:  The  H.  C.  comparison  stars  were  used. 
The  value  of  the  step  is  at  10.0  mag.  :  0.055  mag.,  at 
10.5  :  0.067,  at  11.0  :  0.082,  at  11.5  :  0.101.  The  fol- 
lowing maxima  were  observed  0952  (9.9),  1080  (10.1), 
1353  (10.1),  1744  (10.45),  and  1836  (10.0),  and  the 
minima    OCT.".    (11.05),    1020    (11.4),    and    1787    (11.6). 


The  formula  for  the  maxima  is  2421466  +  177. 8E. 
Minimum  occurred  on  an  average  109  days  after 
maximum  but  the  shape  of  the  curve  varies.  The 
period  is  not  constant.  This  is  a  very  irregular, 
though  to  some  extent  periodic,  variable  star. 
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RT  Lyra:  Graff's  comparison  stars  have  been  used. 
The  adopted  magnitudes  are  a  10.2,  b  10.3,  /  10.7, 
e  11.0,  c  11.1,  g  11.3,    m  11.4,    A  11.7,    h  12.0,    n   12.3. 


The  value  of  the  step  is  0.075  mag.     Maximum   (10.0 
-10.4)  occurs  at  2421  211  +250.5  E. 
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A'  Ophiuchi:  The  H.  C.  comparison  stars  were  j 
used.  Their  brightness  observed  in  steps  and  con- 
verted into  magnitude  on  the  H.  C.  scale  is  as  follows: 
a  6.56,  d  7.11,  c  7.23,  b  7.32,  e  7.88,  /  8.34,  and  g  8.90. 
The  value  of  the  step  is  0.106  mag.  Maxima  were 
observed  at  1129  (6.7),  L468  (6.6),  1797  (6.4),  and  at 
2127  (6.5).  Maximum  (6.55)  occurs  at  2421798 
+  335.4/:.     Minimum    (8.6)    has    not    been    well    ob- 


served. It  occurs  about  145  days  after  maximum. 
The  curve  is  nearly  symmetrical  as  may  be  seen  from 
the  formula: 

Mag.  =  7.72  -  0.92  cos  (x  +  5°) 

-  0.16  cos  (2a-  -  27°)  -  0.06  cos  (3x    +  18°) 

-  0.03  cos  4a-  -  0.02  cos  5x 
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S  Aquilce:  The  comparison  stars  were:  a(A.  S.  V.  27) 
9.35,  b  (31)  9.72,  c  (34)  9.97,  d  (39)  10.10,  e  (41)  10.32, 
/  (44)  10.40,  g  (49)  10.60,  h  (50)  10.69,  fc  (53)  10.99. 
The  magnitudes  have  been  determined  at  the  H.  C. 


with  the  exception  of  e  and  k,  which  have  been  deter- 
mined here.  The  value  of  the  step  is  0.10  man. 
S  Aquilm  appears  to  be  now  an  irregularly  variable 
star. 
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PROVISIONAL   ELEMENTS  FOR  COMET   1920  a   {COMAS  SOLA), 

By    LOUIS   LINDSEY. 

The  following  provisional  elements  were  computed 
from  the  three  positions,  Comas  Sola  Jan.  13;  H.  C. 
Wilson  Jan.  20;  Barnard  Jan.  24.  Astronomical 
Journal. 


Time  of  perihelion  July  15.8001,  1920 

co  268°  12' 38" 
«   299°  13'    2"         1920.0 
i     29°  21' 13" 

log  q  0.14297 

These  elements  have  not  been  corrected  for  the 
inequality  of  the  intervals  between  the  observations 
and   the  residuals  for  the   middle   place   are    O  —  C, 


AX  =   -40",  Ao 


The  constants  for  the  equator  are 


10". 


.i-  =  r(9.76342)  sin  (325°  31'  11"  +  v) 
>j  =  r(9.91594)  sin  (191°  55'  0"  +  v) 
z  =  r(9.85112)  sin  (238°  55'    8"  +  v). 


Ephemeris 

G.  M.  Noon 

h       m       s 

o            /             / 

Mar.   27 

6  25  30 

+  12     9     6 

31 

6  24  38 

+  11  29  29 

Apr.      4 

6  24  22 

+  10  49  53 

8 

6  24  41 

+  10     2  55 

12 

6  25  33 

+  9  29     7 

16 

6  26  58 

+  8  59  38 

20 

6  28  56 

+  856 

24 

6  31  25 

+   7  21     8 

According  to  these  elements  the  comet  will  be  nearest 
to  the  Earth  in  July,  but  at  that  time  it  is  rapidly 
increasing  its  southern  declination.  Its  distance  then 
is  a  little  more  than  one  astronomical  unit. 

The  elements  of  this  comet,  except  for  the  perihelion 
distance,  bear  a  close  resemblance  to  those  of  the 
comet  visible  to  the  naked  eye  in  1533.  That  comet 
was  observed  by  measuring  its  distance  from  the 
Sun  four  times  and  the  value  of  log  q  was  given  as 
from  9.303  to  9.514  the  latter  being  by  Olbers. 

When  the  elements  of  the  present  comet  are  com- 
puted more  definitely,  a  comparison  of  the  elements 
of  the  two  comets  will  be  worthy  of  attention. 

Syracust  I  'nivi  rsity. 


F.   =  L920,  .Ian.  24.824 
M  =  347°  54'  28" 

■k  =  135°    9'  23" 
&  =  300°    5'    9" 

i  =     \1    13'  17" 


ELEMENTS  OF  THE   COMAS-SOLA   OBJECT, 

By  FRANK  E.  SEAGRAVE. 
log  a  =  0.41554 
log  q  =  0.35668 


loge  =  9.10295 
M  =  844". 70 


These  elements  are  based  upon  three  observatoins 
by  Prof.  Barnard  on  Jan.  21,  24,  and  29,  1920,  of 
which  the  first  was  photographic.  The  elements  are 
only  approximate,  as  the  positions  are  close  together. 
There  is  no  doubt  that  the  objed  is  an  asteroid,  and 
not  a  comet  as  announced. 
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OBSERVATIONS  ON  VARIABLE  STARS   (SUMMARY   OF  RESULTS), 

By  WILLIAM   DOBERCK. 

(Continued  from  A.  J.  767). 


RW  Aquilce:  The  magnitudes  of  the  H.  C.  com- 
parison stars  were  used,  and  also  e'  (A.  S.  V.  38)  9.11, 
which  was  compared  here.  The  value  of  a  step  is 
0.12  mag.  The  maximum  (9.31)  occurred  0.15  day 
before  the  time  according  to  the  formula  adopted  by 
Hartwig  in  1913.  The  average  magnitude  of  the 
star   is   9.39.     The   probable   error   of   an    observation 


including  changes  in  the  brightness  of  the  star  is 
0.087  mag.  —  The  number  of  days  since  maximum, 
the  average  magnitude,  and  the  number  of  observa- 
tions (in  parenthesis)  are  as  follows:  0.5  9.40  (12), 
1.3  9.37  (8),  2.0  9.39  (11),  2.7  9.45  (7),  3.3  9.36  (6), 
3.8  9.41  (7),  4.4  9.33  (7),  5.3  9.42  (7),  5.9  9.40  (11),  66 
9.42  (8),  7.2  9.44  (11),  7.7  9.31  (12). 


0344.44 

e'  3  v  1  g 

9.57 

1049.45 

v  =  f 

9.30 

1520.35 

/  2  v  Sy2  g 

9.45 

1889.28 

flv 

9.42 

0352.44 

e'  2V2v2g 

.45 

1070.43 

flvZg 

.40 

1525.38 

v  =f 

.30 

1899.32 

fVAvZg 

.44 

0355.44 

f2v  =  g 

.63 

1075.43 

fSvlg 

.62 

1539.30 

fSv2g 

.55 

1905.24 

f2v3g 

.47 

0357.38 

v=f 

.30 

1076.40 

vlf 

.18 

1547.26 

J2y2vZg 

.49 

1906.24 

f2v\g 

.58 

0358.36 

flv2g 

.44 

1084.40 

f2v3g 

.47 

1576.23 

flv 

.42 

1907.24 

f  =  v 

.30 

0361.41 

e6v3V2f 

.03 

1096.42 

e  4  v  2  / 

.06 

1783.46 

flv2g 

.44 

1913.24 

f  =  v 

.30 

0362.40 

i'=f 

.30 

1111.43 

e'  lv2f 

.17 

1787.43 

fiy2v2y2g 

.37 

1919.22 

v  =f 

.30 

0370.37 

flv2g 

.44 

1120.34 

fll'Sg 

.40 

1793.48 

f2v 

.54 

1920.21 

flAv3g 

.36 

0403.38 

flv3g 

.41 

1126.36 

flv2g 

.44 

1796.46 

f2vlg 

.58 

1925.22 

v  1  / 

.18 

0451.26 

J2v2g 

.51 

1134.35 

f2vig 

.44 

1815.48 

f2vlg 

.58 

1935.26 

f2v-ig 

.47 

0505.23 

flv2g 

.44 

1140.39 

flvZg 

.40 

1820.43 

/l  V 

.42 

1944.23 

fiy2v 

.48 

0664.46 

e'  lvlf 

.20 

1157.40 

v  =/ 

.30 

1824.45 

f2v\g 

.58 

2155.47 

fy2v 

.36 

0696.43 

flv3g 

.42 

1163.29 

/  2  v  1  g 

.58 

1827.36 

v  =/ 

.30 

2176.38 

flv2g 

.44 

0707.39 

v=f 

.30 

1170.26 

v=f 

.30 

1828.35 

v  1/ 

.18 

2177.41 

v  1  / 

.18 

0711.48 

/l  v 

.42 

1181.29 

f2V2v2y2g 

.51 

1830.35 

v  =/ 

.30 

2178.41 

flv  2g 

.44 

0725.43 

d  5  v  2/ 

.09 

1184.34 

f2v3g 

.47 

1838.36 

V  If 

.18 

2180.39 

flv2g 

.44 

0749.37 

e  5  v  1  / 

.18 

1194.22 

e  5  v  2  f 

.09 

1843.39 

f2vlg 

.58 

2182.38 

v-f 

.30 

0751.39 

/  2  v  2  g 

.51 

1206.23 

v  =/ 

.30 

1844.41 

f2vlg 

.58 

2184.42 

flv3g 

.40 

0758.50 

/  1  v  3  g 

.40 

1207.23 

/  3  V  2  g 

.55 

1847.34 

flvSg 

.41 

2186.37 

vlf 

.18 

0760.31 

f2v3g 

.47 

1416.43 

e  4  v  1  / 

.16 

1860.38 

f  2  v  1  g 

.58 

2192.38 

flv2g 

.44 

0791.27 

e5v2f 

.09 

1432.48 

/  2  v  1  g 

.58 

1864.37 

vlf 

.18 

2245.27 

vy2f 

.24 

0799.28 

flvSg 

.40 

1435.42 

fiy2v3g 

.44 

1865.32 

f^Avig 

.55 

2246.28 

v\y2f 

.12 

0800.35 

f2v3g 

.46 

1450.46 

vy2f 

.24 

1867.40 

flvlg 

.51 

2247.28 

fli>2g 

.44 

0801.27 

f2vSg 

.46 

1459.38 

e'  2  v  2  g 

.44 

1870.33 

flvlg 

.51 

2253.25 

v=f 

.30 

0804.36 

f2V2v±g 

.46 

1475.37 

v  1/ 

.18 

1873.37 

flv2g 

.44 

2253.38 

fiy2v 

.48 

0807.29 

flv 

.42 

1488.36 

./'  iv2g 

.44 

1874.40 

f2v\g 

.58 

2254.25 

V    =/ 

.30 

1036.51 

e'  3  v  2  g 

.48 

1507.30 

f2v3g 

.47 

1875.28 

fV2viy2g 

.40 

(is:,) 


186 


THE     ASTRONOMICAL     JOURNAL 


N>-  768 


7' A"  Cygni:  Ths  H.  C.  comparison  stars  were  used, 
their  magnitudes  being  observed  in  steps  and  reduced 
to  H.  C.  scale:  b  8.26,  V  (A.  S.  V.  28)  0.02,  c  9.19, 
c'(A.S.V.  27)  9.50,  d  9.58,  d'  (A.  S.  V.  36)  9.87, 
e9.91,  and  /  10.23.  The  value  of  a  step  was  at  9.0  : 
0.11,  at  9.5  :0.10,  at  9.7  :  0.08,  and  at  10.0  :  0.07. — 
Maximum  (8.77)  occurred  at  2421790.99,  and  min- 
imum (9.94)  at  2421799.95  (8.90  days  alter  maximum). 
The  period,   14.7092  days,  is  constant. 

The  observations  were  arranged  according  to  the 
time  elapsed  since  preceding  maximum,  and  normal 
places  formed,  each  being  the  mean  of  four  or  five 
observations.  They  were  projected  and  a  curve 
drawn  among  them.  The  period  being  divided  into 
24  equal  parts,  the  following  values  of  the  magnitude 
were  read  off  beginning  with  maximum:  S.77,  8.94, 
9.00,  9.11,  9.20,  9.27,  9.35,  9.42,  9.49,  9.54,  9.61,  9.69, 
9.81,  9.90,  9.935,  9.935,  9.91,  9.87,  9.83,  9.77,  9.70, 
9.59,  9.38,  9.00.  These  figures  are  represented  by 
the  following  formula: 


Mag.  =  9.50  -  0.46  sin  (.r  +  55°) 

-  0.12  sin  (2.t  +  85°)  -  0.09  sin  (3a;  +  70°) 

-  0.05  sin  (4.t  +  112°)  -  0.03  sin  (5.t  +  108°) 

-  0.03  sin  (6.r  +  135°)  -  0.01  cos  7x 

+  0.01  sin  Ix  +  0.01  sin  8s  -  0.01  cos  9.r 

+  0.01  sin  9.r  -  0.01  cos  10a-  +  0.01  sin  10a: 

-  0.01  cos  11a:. 

The  brightness  increases  quickly  to  its  maximum,  hut 

after  that  is  reached  the  fall  is  soon  checked  and  pro- 
ceeds then  regularly.  In  case  of  many  long  period 
variables  the  curve  shows  a  more  or  le<>  pronounced 
hump  after  maximum,  that  sometimes  gives  rise  to  a 
secondary  maximum  preceded  by  a  slight  minimum, 
but  in  case  of  the  flash  star  VY  Cygni  this  second 
maximum  is  as  great  as  the  first  maximum,  so  that 
there  are  two  flashes  with  a  secondary  minimum 
between  them.  Main-  long  period  variable  stars 
have  long  continued  maxima  during  which  the  bright- 
ness scarcely  varies.  This  minute  similarity  of  the 
light  curves  of  the  two  classes  of  variable  stars  indicates 
that   the  variation  is  due  to  the  same  cause  in  both 

cases. 
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10.00 

tiiit,7. 12  e  2  v   3/ 

10.04 

(ISO  1.20  d  3  v  2  e 

9.78 

1568.32  e  1  r  4  / 

9.97 

1830.33  e  2  f  1J^/ 

10.09 

0670.41  d  3  v  3  e 

9.71 

OS04.37  y  =  d 

9.58 

1576.28  y  1  d 

9.48 

1838.32  d  1  b 

9.68 

0696.45  v  =  d' 

9.87 

0807.30  c  1  '■  3  d 

9.29 

1727.50  d  2  y  3  e 

9.71 

1839.41  c  1.0  2  d 

9.32 

0709,43  v  =  c' 

9.50 

0887.23  d  3  u  3  - 

0.75 

1730.45  d  V/ivIYi 

e  0.70 

1843.31  d  2  y  2  e 

0.75 

0717.31  b  5  v  5  c 

8.72 

0892.23  d  1  y  1  e 

9.65 

1732.48  Hti2c 

8.88 

1844.39  d  3  v  1  e 

9.S3 

0717.36  b  5  v  5  c 

8.73 

0899.25  c  1  y  3  d 

9.29 

1734.44  c  1^  v  2y2 

d  9.34 

1845.33  y  =  e 

9.91 

0717.38  b  5  b  1  c 

8.78 

0903.25  <■'  4  y  3  d' 

9.71 

1741.45  i)  1  e 

9.84 

L847.31  d  lo3e 

9.66 

0746.311  //  1  b  5  c' 

9.10 

0(103.25  d  3  y  2  e 

9.78 

1743.47  b  2  e 

0.77 

1852.34  o  1  c 

9.08 

0748.38  b'  1  r  2  c' 

(US 

10",  0.39  b  5  e  3  c 

8.84 

1744.44  d  3  »  2  e 

9.7S 

1856.31  d  1  o  3  e" 

9.66 
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1860.34  e  1  v 

9.98 

1951.33  v  =  d 

9.58 

2126.43  d3  v  \y2e 

9.80 

2214.33  d  1  v  1  e 

9.84 

1862.29  dZv\y2e 

9.80 

1961.22  y  2  e 

9.77 

21 27.43  d  1  v  4  e 

9.65 

2218.37  ti  1  c 

9.08 

1864.38  b  4  v  4  c 

8.72 

1970.24  c  3  v  iy2  d 

9.45 

2128.42  v  2  c 

8.98 

22111.32  v  \y2c 

9.03 

1864.41  6  3  »4c 

8.66 

2093.46  e  3  v  2  / 

10.10 

2131.44  v  1  c 

9.08 

2223.44  c  3  v  1  d 

9.48 

1865.31  6  4  y  2  c 

8.88 

2096.47  »le 

9.84 

2136.46  d  3  v  2  e 

9.78 

2230.28  r  1  d 

9.  IS 

1867.42  »  1  c 

9.08 

2098.46  d  V/ivIe 

9.72 

2155.39  d  2  v  3  e 

9.71 

2231.39  y  1 J4  c 

9.03 

1870.33  civ  1  d 

9.50 

2099.48  6  5  v  2  c 

8.92 

2176.37  y  2  c 

8.98 

2232.27  6  5  r  5  c 

8.72 

1873.29  e3  v  2/ 

10.10 

2100.46  y  1  c 

9.08 

2177.39  !)  =  d 

9.58 

2232.37  6  5  »  5  c 

8.72 

1874.43  e  2  c  3  / 

10.04 

2101.45  c  3  y  3  d 

9.38 

217S.39  c  2  o  1  d 

9.45 

2234.40  c  1  y  2  d 

9.32 

1875.29  e  1  v  3  / 

9.99 

2102.45  c  }2  »  3  d 

9.25 

2180.38  d  iy2v3e 

9.69 

2242.26  d  4  v  2  e 

9. SO 

1880.28  6  6  v  2  c 

8.96 

2107.45  c  1  v 

9.98 

21S2.37  d  3^y 

9.63 

2244.45  v  '■_>  e 

9.87 

1901.47  e2v2f 

10.07 

2115.44  y  2  c 

8.98 

2184.41  d  1  y 

9.68 

2245.26  y  1  d 

9.48 

1906.36  c  2  o  1  d 

9.45 

2117.45  ci^Avl^Ad  9.38 

2186.35  c  3  y  2  d 

9.42 

2247.26  6  5  y  2^  c 

8.88 

1907.38  c  2  »  Id 

9.45 

2118.44  c  3  y  1  d 

9.48 

2187.35  y  2  c 

8.98 

2249.25  y  =  c 

9.19 

1913.37  d  \y2  v  3  e 

9.69 

2119.41  c\y2v2  d 

9.36 

2192.37  c  1  »  2  d 

9.32 

2250.25  c  1  y 

9.30 

1920.32  rfl  y  2  e 

9.69 

2120.41  d  1  v 

9.68 

2193.34  d  H  v 

9.63 

2251.25  y  1  c 

9.08 

1925.33  y  2  c 

8.98 

2121.43  c  2  r  2  d 

9.39 

2198.40  e  H  » 

9.95 

2253.25  d  2  y  2  e 

9.74 

1928.32  d  1  v  1  e 

9.74 

2123.44  d  2  y  1  e 

9.80 

2210.39  e  2  »  2/ 

10.07 

2254.25  e  1  v 

9.9S 

1935.28  d  4  «  2  e 

9.80 

2124.41  d  1  v  3  e 

9.66 

2212.32  d  3  u  2  e 

9.78 

2258.25  d  3  /•  2  e 

9.78 

1944.30  d  3  y  2  e 

9.78 

2125.43  d  2  /•  1  e 

9.80 

2213.31  d  4  y  1  e 

9.84 

2258.40  d  2  v  3  e 

0.71 

VY  Cygni:  The  H.  C.  comparison  stars  were  used, 
their  magnitudes  being  observed  in  steps  and  reduced 
to  II.  C.  scale:  r  9.11,  d  9.28,  e  9.69,  /  10.06,  and 
/'  {A.  S.  V.  38)  10.11.  The  value  of  the  step  is  0.074 
mag. —  Maximum  (9.40)  occurred  at  2421745.36,  the 
first  minimum  (9.63)  1.15  day  later,  the  second  max- 
imum (9.42)  1.95  days  after  the  first  maximum,  and 
the  principal  minimum  (9.94)  4.1  days  after  the  mean 
of  the  two  maxima.  Comparing  the  mean  of  the 
maxima  with  the  maximum  at  2416370.95  quoted  by 
Hartwig  the  period  is  7.85875,  which  shows  a  slight 
decrease. 


The  period  being  divided  into  24  equal  parts  he- 
ginning  with  the  mean  of  the  maxima  the  following 
values  of  the  magnitude  were  taken  from  the  light 
curve:  9.58,  9.58,  9.51,  9.42,  9.57,  9.64,  9. OS,  9.71, 
9.75,  9.79,  9.83,  9.88,  9.93,  9.93,  9.89,  9.84,  9.79, 
9.74,  9.61,  9.47,  9.43,  9.41,  9.47,  9.51.  These  are 
represented  by  the  following  formula: 

Mag.  =  9.67  +  0.22  sin  (x  -  85°) 

+  0.06  sin  (2x  +  51°)  +  0.045  sin  (3.r  +  117°) 
+  0.04  sin  (4a;  +  104°)  +  0.01  cos  5x 
+  0.02  sin  6.r  +  0.01  sin  7.r  -  0.01  cos  8x 
-  0.01  cos  9x  +  0.01  sin  10*  +  0.01  cos  12*. 


0347.47  e  5  v  2/' 

9.99 

0534.25  e  2  v  3  / 

9.84 

0751.41  e  3  v  3/ 

9.88 

0887.23  e  2  y  4  / 

9.81 

0349.40  y  1  e 

9.62 

0654.46  d  5  v  3  e 

9.54 

0752.37  d  3  v  1  /' 

9.90 

0892.24  e\  v2y2f 

9.80 

0352.46  e  2  v  3  /' 

9.86 

0655.46  d  4  y  3  e 

9.51 

0753.36  e  3  y  3  / 

9.87 

0899.26  e  2  v  2/ 

9.87 

0355.44  y  =  e 

9.69 

0656.46  e  2  y  3  / 

9.84 

0758.49  e  2  0  3  / 

9.84 

0903.26  e  3  v  3  / 

9.87 

0356.38  v  =  d 

9.28 

0663.43  d  5  y  2  e 

9.57 

0760.33  c  3  y  2/' 

9.94 

1040.44  d  3H  f  2H 

e  9.52 

0357.37  e  lv2y2f 

9.80 

0665.44  e  3  »  3  / 

9.87 

0761.32  c  3  y  3/ 

9.88 

1063.39  d  2  y  3  e 

9.44 

0358.35  e  3  v  4  / 

9.85 

0667.43  e  2  v  3  / 

9.84 

0770.36  d  3  »l^c 

9.55 

1070.47  d  1  y  2  e 

9.42 

0361.37  v  =  e 

9.69 

0670.42  d  3  y  3  e 

9.49 

0775.40  e  3  y  3  / 

9.87 

1077.37  c  3  y  1  d 

9.24 

0362.36  d  2  v  3  e 

9.44 

0696.43  c  3  y  3  / 

9.87 

0777.38  c  4  v  2/ 

9.94 

1078.37  d  3  y  3  e 

9.48 

0366.35  e  2  v  1  / 

9.94 

0708.47  d  2  v  3  e 

9.44 

0779.26  d  3  y  3  e 

9.48 

1125.30  d  3  y  2  c 

9.53 

0368.34  e  4  v  3  / 

9.90 

0709.39  d  3  v  4  e 

9.46 

0779.29  d  4  y  5  e 

9.46 

1158.39  e  2  y  5/ 

o.so 

0370.41  y  =  d 

9.28 

0709.44  d  3  y  4  e 

9.46 

0779.37  d  5  y  2  e 

9.57 

11155.32  d  3  y  1H  e 

9.55 

0371.42  y  =  d 

9.28 

0717.35  c  3  y  3  e 

9.40 

0785.31  e  3  y  1  / 

0.07 

1168.29  e  3  v  4/ 

9.85 

0371.47  d  2  v  1  e 

9.55 

0717.36  d  3  y  3  e 

9.48 

0789.40  y  =  e 

0.00 

1 181.30  d  4  y  2  e 

9.55 

0379.41  v  \y2  e 

9.58 

0717.38  d  4  y  4^e 

9.47 

0791.29  e  3  v  2/ 

9.01 

1 188.44  d  4  y  1  e 

9.61 

0381.38  e  1  y  3H/ 

9.77 

0741.39  y  =  c 

9.11 

0800.37  e  3  0  1  / 

9.97 

1202.38  d  2  v  2  e 

9.48 

0387.32  d  4  v  1  e 

9.61 

0748.38  d  4  y  3  e 

9.51 

0801.29  d  2  y  1  e 

9.55 

1220.23  d  3  y  2  e 

9.53 

0452.28  e  3  y  5  / 

9.83 

0749.34  c  3  »  W2  e 

9.34 

0804.37  d  3  y  3  e 

9.48 

1391.44  d  3  y  3  e 

9.48 

0468.33  e  4  y  5  / 

9.85 

0750.39  e  1  y  3  / 

9.78 

0807.31  y  =/ 

10.06 

1476.35  e  3  v  2/ 

9.91 
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1508.30  d  5  v  1  e 

9.62 

1793.47  d  2Y2  v  4  e 

9.44 

1925.33  d  4  v  3  e 

9.51 

2178.39  d  3  v  3  e 

9.49 

1521.37  e  3  v2f 

9.91 

1796.45  e  2y2  v  3  / 

9.86 

1928.32  b  =  e 

9.69 

2180.38  e  2  v 

9.84 

1527.31  a  1  d 

9.21 

1812.38  v  =  e 

9.69 

1935.28  v  1  e 

9.62 

2182.37  e  1  v  3/ 

9.78 

1532.43  c  3  b  1  d 

9.24 

1820.41  e  V/2  v  2/ 

9.85 

1944.30  e  2  »  3  / 

9.84 

2184.41  e  1  b 

9.76 

1540.29  d  3  B  3  e 

9.49 

1826.35  r\]/2e 

9.58 

1951.33  d3  v  2e 

9.53 

2186.35  e  1  v 

9.76 

1549.33  d  2K  »  3  e 

9.47 

1827.34  v]/2e 

9.65 

1961.23  d  5v2e 

9.57 

2187.35  d  5  b  5  e 

9.49 

1558.32  d  3  »  l^e 

9.55 

1828.34  e  2  v  3  / 

9.84 

2096.47  e  1  b 

0.76 

2191.37  d  4  v  4  e 

9.48 

1565.37  d  4  b  2  e 

9.55 

1830.33  »  1  e 

9.62 

2098.46  d  1  b 

9.35 

2193.35  d  3  v  3  e 

9.49 

1566.36  d  3  d  IK  e 

9.55 

1838.34  v  1  e 

9.62 

2099.48  d  3  b  3  e 

9.48 

2198.40  e  3  b3/ 

9.87 

1568.32  e  2t-  2/ 

9.88 

1839.41  d  2b  3  e 

9.44 

2100.47  d  5  b  2  e 

9.57 

2210.40  d  3  v  2  e 

9.53 

1576.28  e  =  e 

9.69 

L843.31  d  3  »  1  e 

9.59 

2101.45  b  1  e 

9.62 

2211.32  v  \y2  e 

9.58 

1727.50/2  w 

10.21 

1844.39  e  \y2v2y2j 

9.83 

2102.45  e  2  v  3  / 

9.84 

2212.32  d  5  v  2  e 

9.57 

1730.45  b  1  e 

9.62 

1845.34  c  2  i'  2/ 

9.88 

2107.45  dbvl^Ae 

9.60 

2213.31  e  2  b  2/ 

9.87 

1732.48  v  =  e 

9.69 

1847.31  d  1  o  3  e 

9.38 

2115.44  d  2  b  3  e 

9.44 

2214.33  e,Zy2v  \y2f 

9.95 

1734.44  e  2  b  2/ 

9.88 

1852.35  e  2y2vV/2j 

9.92 

2117.45  b  =  e 

9.69 

2218.37  d  3  v  1  e 

9.61 

1741.45  e^J  3/ 

9.74 

1856.31  d  3t>2e 

9.53 

2118.44  e  1  b 

9.76 

2219.32  e  y2  v 

9.73 

1743.47  e2  b3K/ 

9.83 

1860.34  e  1  v 

9.76 

2119.42  e2w3/ 

9.84 

2223.45  e  M  b 

9.73 

1744.44  v  l}4e 

9.58 

1862.29  b  =  e 

9.69 

2120.41  e  2  b 

9.84 

2230.28  e  3  1)2/ 

9.91 

1745.45  d  3  »  2  e 

9.54 

1864.38  d  5  a  2  e 

9.57 

2121.43  d  3  v  2  e 

9.53 

2231.39  e  1  v 

9.76 

1746.42  e  2  v  4/ 

9.81 

1865.31  b  1  e 

9.62 

2123.45  d  3  »  2  e 

9.53 

2232.28  d  3  v  2  e 

9.53 

1760.43  d  2  v  3  i 

9.44 

1867.42  e2v  if 

9.81 

2124.41  d  1  b 

9.35 

2234.42  b  2  e 

9.54 

1761.45  d  P  j  b  5  e 

9.37 

1870.34  d  2  v  2  e 

9.48 

2125.43  v  1  e 

0.62 

2242.26  b  1  e 

9.62 

1767.40  (  2  i)  3/ 

9.84 

1873.29  d  5  b  3  e 

9.54 

2126.43  b  1  e 

9.62 

2244.46  e  2  b  4/ 

9.81 

1768.43  d  2  v  5  e 

9.40 

1874.43  e  IK  ''4/ 

9.79 

2127.43  e  3  v  1/ 

9.97 

2245.26  e3i)3 / 

9.88 

1770.49  d  2  b  3  e 

9.44 

1875.29  c  1  a  3  / 

9.78 

2128.43  e  2'L>  »  3/ 

9.86 

2247.26  v\y2e 

9.58 

1777. 16  d  2K  w  3  e 

9.47 

1880.28  b  =  e 

9.65 

2131.45  d  3  b  1H  e 

9.55 

2249.25  div  iy2e 

9.58 

1778.49  d  3  v  3  e 

9.48 

1901.48  e  1  1)3/ 

9.78 

2131.50  d  4  v  2  e 

9.55 

2249.43  d  4  ?;  3  e 

9.51 

1781.40  e  1  b 

9.70 

1906.36  e  1  b3/ 

9.78 

2136.46  b  1  e 

9.62 

2250.25  d  5  b  2  e 

9.57 

1783.44  d  4  u  1  e 

9.61 

1907.38/3  b 

10.28 

2155.39  b  1  e 

0.02 

2251.25  e  V/2  v 

9.80 

1784.41  d  lj^e 

9.39 

1913.37  d  4b  2e 

9.55 

2176.37  d  4  v  3  e 

0.51 

2253.25  e  1  v 

9.76 

1787.42  v  1  e 

9.62 

192(1.32  d  4  »  2  e 

9.55 

2177.39  d  1  b 

9.35 

2254.25  e  3  v  3  / 
2258.25  b  IK  e 

9.88 
9.58 

YZ  Cygni:  The  H.  C.  comparison  stars  were  used 
and  their  magnitudes,  observed  in  steps,  reduced  to 
H.  C.  scale:  r/8.47,  e8.81,  /9.30,  and  g  9.55.  The 
value  of  a  step  is  0.076  mag.  Maximum  (8.67) 
occurred  at  2421775.53.  The  period  is  4.86434.  It 
appears  to  have  slightly  increased.  Minimum  (9.08) 
occurs  3.8  days  after  maximum. — The  following 
means  of  about  six  observations  were  projected  (the 
lirst  figure  shows  the  time  in  days  counted  from  max- 
imum, and  the  second  the  corresponding  brightness): 
0.01:8.67,  0.17:8.68,  0.34:8.68,  0.54:8.70,  0.72: 
8.76,  0.94:8.78,  1.11:8.83,  1.24:8.82,  1.42:8.02, 
1.07:8.86,    1.84:8.96,    1.97:8.94,    2.08:8.99,    2.23: 


9.00,  2.42:8.92,  2.58:8.99,  2.85:9.04,  2.99:8.97, 
3.13:9.07,  3.34:9.08,  3.50:9.07,  3.70:9.01,  3.87: 
9.03,  3.94:9.11,  4.02:9.10,  4.10:9.03,  4.20:8.98, 
4.33:8.90,  4.36:8.81,  4.38:8.89,  4.41:8.81,  4.46: 
8.88,  4.56  :8.85,  4.67  :  8.68.  By  aid  of  these  means 
the  curve  was  constructed  and  the  following  formula 
derived  from  twelve  readings: 

Mag.  =  8.907  -  0.181  sin  (a;  +  49°) 

-  0.070  sin  (2x  +  69°)  -  0.031  sin  (3.r  +  103°) 

-  0.018  sin  (4»  +  142°)  +  0.007  sin  5x 
+  0.003  cos  6x. 


0349.43  e  3  b  3/ 

9.06 

0366.36  e  2  v  3  / 

9.01 

0374.42  e  2  b  5  / 

8.95 

0403.42  e  =  v 

8.81 

0356.38  v  =  e 

8.81 

0368.34  v  =  / 

9.30 

0379.41  b  =  d 

8.47 

0403.42  v  y2  e 

8.77 

0357.37  e  2  v  2/ 

9.06 

0371.44  e  1  v  4/ 

8.91 

0384.32  b  =    e 

8.81 

0403.44  b  1  e 

8.73 

0358.36  e  3  v  2/ 

9.10 

0374.32  v  1  e 

8.73 

0398.30  e  4  b  4  / 

9.05 

0403.45  v  2  e 

8.66 

0361.37  e2v5f 

8.95 

0374.34  e  1  v 

8.89 

0398.37  e  3  v 

9.03 

0403.46  e  1  b 

8.89 

0362.37  e  3  v  3  / 

9.06 

0374.36  e  1  b4K/ 

8.90 

0403.37  e  2  v 

8.96 

0403.47  e  2  v 

8.96 
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0437.36  e  1  v  5  / 

8.89 

1084.36  d  3  v  1  e 

8.73 

L826.34  e  Zy  v  1 ' ,.  f 
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8.89 
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L827.34  e  2  » 

8.96 
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8.97 
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8.91 
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8.81 
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8.99 
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8.97 

1181.30  t)  1  / 
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S.77 
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8.89 
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8.89 

2128.43  i  2  ti 

8.96 
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9.01 
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8.67 
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9.06 
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9.01 
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9.00 
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9.1  1 
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8.95 
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8.67 
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9.05 
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8.95 
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8.70 

L906.36  e  2  b  5/ 

8.95 

2212.46  e  3  »  2/ 

9.10 

0770.37  e  3  c  5  / 

8.99 

1730.46  e  2y  3^/ 

8.99 

1907.38  d  2  u  2  e 

8.64 

2213.31  d  1  b  2  ( 

8.58 

0775.42  eivslif 

9.07 

1732.48  b  1  e 

8.73 

1913.37  y  =  e 

8.81 

2214.33  e  =  y 

s.si 

0777.39  e  1  i>  5  / 

8.89 

1734.44  eiy2vZf 

8.97 

1920.32  e  3  y  3/ 

9.05 

2218.38  v  \y2  e 

s.70 

0782.38/2  y  3  f/ 

9.40 

1741.45  d  4  b  2  e 

8.70 

L925.34  e  2'2  y  7/ 

8.94 

2219  33  d  3  b  2e 

8.67 

0785.30  e  2  v  4  / 

8.97 

1743.47  e  2  b  5  / 

8.95 

1928.32  e  1  v 

8.89 

2223,1;,  ,1  2  b  1  e 
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0788.37  d  4  v  3  e 

8.66 
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8.94 

1935.28  b  =  e 

8.81 

2230.28  y  =  e 

S.SI 

0788.41  d  3  v  3  e 

8.64 

1745.46  c  2/ 

9.15 

MM  l.Ml  e  3  v  3/ 

9.06 

2231.36  e  2v  4/ 

S.97 

0789.40  e  3  »  5  / 

8.99 

1760.43  e  1  r 

8.89 

1951.34  d  2  y  2  e 

8.64 

2231.40  e  3'L.  /  3/ 

9.08 

0791.29  e3J^w  2/ 

9.12 

17(11.4.")  d  2  /■  2  - 

8.64 

1961.23  e  2  a 

8.96 

2232.26  e  1  y 

8.89 

0800.38  e  4  »  2  / 

9.14 

1767.49  y  =  e 

8.81 

197(1.2.-,  d  3  y  2  e 

8.07 

2232.36  e  3  v  5/ 

8.99 

0801.34/  1  v  3  </ 

9.36 

1768.43  e  2  b  4  / 

8.97 

2096.48  d  3  y  1  e 

8.72 

2234.42  e  1  y 

8.89 

0804.38  e  1  v 

8.89 

1770.49  b  =  d 

8.47 

2098.47  e  1  b 

8.89 

2242.26  b  =  e 

8.81 

0807.31  d  2  v 

8.62 

1777.47  d  3  b  1  e 

8.73 

2099.49  e  4  y  2  / 

9.14 

2244.46  e  2  b  4/ 

8.97 

0807.38  u  =  e 

8.81 

1778.49  y  =  e 

8.81 

2100.47  e  2  y  4/ 

8.97 

2245.26  e  4  b  3/ 

9.09 

0887.24  e  2  v  3  / 

9.01 

1781.41  d  3  «  2  e      ' 

8.67 

2101.45  d2y2v\y2t 

8.68 

2247.26  d  3  b  2  e 

8.67 

0892.24  e  3  b  5 ./' 

8.99 

1783.44  e  iy2vbf 

8.92 

2102.46  y  =  e 

8.81 

2249.26  e  3  v  4/ 

9.02 
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9.20 
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9.14 
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8.92 
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8.97 

0901.25  e  =  b 

8.81 

1787.42  e  1  b 

8.89 

2115.45  e  1  y  5/ 

8.89 

2251.25  e  4  b3/ 

9.09 

0903.26  e  4  v  2  / 

9.14 

1793.47  e3  b  3/ 

9.06 

2117.45  d  3  y  4/ 

8.83 

2253.25  y  J  2  e 

8.77 

1036.42  div\y2e 

8.72 

1796.45  e  1H»  4H/ 

8.93 

2118.45  e  2  y  5/ 

8.95 

2254.25  e  4  y  3  / 

9.09 

1074.38  e  2  »  4/ 

8.97 

1812.38e2y  5/ 

8.95 

2119.46  e  1  y 

8.89 

2258.25  e  1  y 

8.89 

1074.45  e  3  y  3  / 

9.05 

1820.41  d  3  y  1  e 

8.73 

2120.41  d  3  y  1  e 

8.72 

2258.40  e  1  v 

8.89 

Summary  of  Results 


In  1914  the  writer  was  arranging  the  construction  of 
a  polarising  photometer  for  the  observation  of  variable 
stars.  The  appearance  of  the  artificial  star,  whose 
light  has  passed  through  apertures  much  smaller  than 


the  object  glass  of  the  telescope  through  which  the 
variable  star  is  seen,  is  however  so  different  from  the 
latter  that  it  was  intended  to  use  a  neutral  tinted 
wedge  placed  before  the  eyepiece  for  the  simultaneous 
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extinction  of  both  images.  Meantime  observations 
were  commenced  by  the  Herschel-Argelander  method, 
and  these  were  continued  when  the  construction  of  the 
photometer  became  impossible. 

The  accuracy  of  observations  of  variable  stars 
depends-  upon  the  presence  of  suitable  comparison 
stars  within  a  convenient  distance.  A  photometer 
enables  the  observer  to  use  stars  at  a  greater  distance 
than  it  is  advisable  to  do  without  that  instrument,  but 
except  on  the  more  or  less  rare  occasions  when  the 
sky  is  perfectly  clear,  photometers  scarcely  repay  the 
additional  work  they  cause.  On  the  whole  photo- 
meters are  more  suitable  for  observing  eclipsing 
binaries  than  for  long  period  variable  stars.  The 
writer's  observations,  made  single  handed,  take  at 
present  four  minutes  each  including  setting  the  instru- 
ment and  turning  the  roof.  In  the  beginning  they 
took  longer,  till  he  became  acquainted  with  the  con- 
stellations. 

In  1S72  (A.N.  1897)  Julius  Schmidt  in  Athens 
pointed  out  that  the  intensity  of  the  red  colour  of 
variable  stars  increases  with  the  period.  The  com- 
parison of  the  brightness  of  a  red  with  a  bluish  white 
star  is  somewhat  difficult  but  difference  of  spectral 
class  causes  still  greater  difficulty,  as  a  sharp  point 
has  then  to  be  compared  with  a  coloured  disc  (tha 
chromatic  aberration  of  the  object  glass  being  corrected 
for  double  stars).  It  is  well  to  use  as  low  a  mag- 
nifying power  as  possible,  and  to  finish  the  observation 
quickly.  A  large  astro-photographic,  short  focus 
lens,  corrected  for  the  red  instead  of  the  blue,  used  in 
conjunction  with  a  Kellner  eyepiece  with  a  very  large 
field  lens,  would  lie  in  ideal  telescope  for  such  work. 

The  value  of  the  step  (the  average  is  0.091  mag.) 
depends  upon  several  circumstances.  It  increases 
(together  with  the  probable  error)  during  haze  or  fog, 
cirro-stratus,  strong  moonlight,  and  when  the  differ- 
ence in  magnitude  between  the  comparison  stars  is 
greater  than  usual,  or  when  the  stars  are  faint.  The 
accuracy  of  observations  of  variable  stars  does  not 
depend  upon  the  probable  errors  determined  from 
single  nights'  observations.  These  are  of  minor 
importance.  In  view  of  the  small  irregularities  in 
tin  variation  of  the  stars  (excepting  the  eclipsing  bi- 
naries) the  single  observations  are  as  accurate  as  they 
need  hi',  and  the  accuracy  can  be  indefinitely  increased 
by  repeating  the  observations  on  different  nights. 
The  value  <>i  an  observation  depends  upon  the  avoid- 
ance of  constant  (systematic)  errors,  and  for  this 
u  the  observer  should  be  kept  in  ignorance  of  the 
nature  of  the  variation  of  each  individual  star.  The 
writer  has  been  so  careful  to  avoid  bias  that  he  has 
occasionally    missed    observing   at    important    epochs, 


and  has  occasionally  compared  stars  that  he  did  not 
wish  to  include. 

The  hour-angle  error,  which  is  considerable,  was 
eliminated  by  looking  at  each  star  in  succession  after 
placing  it  in  the  same  position  in  the  field  of  view. 
In  case  of  naked  eye  observations  the  error  is  avoided 
by  looking  straight  at  the  stars,  and  then  turning 
round  and  looking  at  them  leaning  backwards,  and 
taking  the  mean  of  both  observations  (comp.  "Obser- 
vations on  the  zodiacal  light,"  A.N.  3579).  The 
systematic'  errors  in  double  star  observations  begin 
when  a  pair  is  so  close  that  the  components  can  be 
bisected  simultaneously,  and  disappear  at  greater 
distances. 

In  previous  papers  certain  variable  stars  are  men- 
tioned, the  minima  of  which  occur  nearer  the  past 
than  the  following  maximum,  the  opposite  being 
usually  the  case.  This  must  not  be  understood  to 
mean  that  they  belong  to  two  different  classes.  When 
M  signifies  the  date  of  maximum,  m  the  date  of 
minimum,  P  the  period,  and  p  =  (M  —  m):  P.  then 
the  most  probable  value  of  p  is  0.455,  and  for  50  per 
cent  of  the  number  of  variable  stars,  whose  periods 
exceed  50  days,  j>  lies  between  0.42  and  0.48.  For 
this  reason  values  of  p  above  0.50  are  scarce.  The 
approximate  percentage  of  stars  with  p  between  0.19 
and  0.32  is  :  3,  between  0.32  and  0.35  :  3,  for  p  equal 
to  0.35  or  0.30  :  4,  0.37  or  0.38  :  4,  0.39  or  0.40  :  6, 
0.41  :  5,  0.42  :  7,  0.43  :  (i,  0.44  :  5,  0.45  :  11,  0.46  :  9, 
0.47  :  8,  0.48  :  5,  0.49  :  8,  0.50  :  3,  0.51  :  0,  0.52  :  3, 
0.53  :  3,  0.54  :  6,  between  0.55  and  0.57  :  3,  between 
0.58  and  0.67  :  5.  This  distribution  shows  that  the 
deviations  are  distributed  according  to  the  law  of 
accidental  errors. 

With  regard  to  the  stars  whose  periods  are  less 
than  50  days,  p  increases  with  the  period.  When  the 
period  is  half  a  day  (the  number  of  stars  included  was 
II1  /'is  0.21,  and  when  the  period  is  15  days  p  is  0.37 
(the  number  of  stars  included  with  periods  between 
9  and  17  days  was  27).  The  periods  mentioned  are 
those  that  most  frequently  occur.  The  light  curves 
of  flash  stars  are  wavy  like  the  curves  corresponding 
to  long  period  stars,  but  the  waves,  more  or  less, 
disappear  when  the  means  of  many  periods  are  taken. 

It  would  be  interesting  to  have  the  mean  magnitudes 
of  variable  stars,  determined  from  say  the  mean  of 
12  equidistant  ordinates  of  the  light  curve,  during  as 
many  periods  as  possible  in  order  to  ascertain  the 
nature  of  the  variation  of  the  mean  magnitude. 

It  has  been  suggested  that  the  value  of  the  period 
should  be  determined  by  comparison  of  the  epochs  when 
the  variable  star  passes  through  the  magnitude,  at 
which  the  rate  of  variation  is  greatest,  but  this  method 
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is  feasible  only  in  the  ease  of  (he  eclipsing  binaries. 
In  the  case  of  ordinary  variable  stars  the  shape  of  the 
light  curve  changes  too  much.  Some  stars,  formerly 
well  known  periodic  variables,  have  lost  their  periodicity 
and  in  some  cases  show  no  longer  any  variation. 
When  it  happens  that  such  a  star  begins  to  vary 
again,  the  occurrence  of  the  maxima  agrees,  more  or 
less,   with   the  old   formula.     Variability  at    one  time 


or  another  is  probably  I  he  rule  rather  than  the  ex- 
ception among  the  fixed  stars.  The  Sun  having 
varied  in  magnitude  at  some  time  would  account  for 
the  ice  age  on  the  Earth  at  least  as  well  as  any  other 
cause  as  yet  suggested. 

Kowloon,  Elgin  ltd.,  Sutton,  Surrey, 
.'ml  March,   1920. 


OBSERVATIONS  OF   DOUBLE   STARS, 

MADE    AT   THE    EMERSON    MCMILLIN    OBSERVATORY, 


By  H.  C.  LOUD,  Director 

The  following  observations  of  double  stars  were 
made  by  the  writer  during  the  summer  and  fall  of 
101!)  with  the  l2"l-2  equatorial  of  the  Emerson  Mc- 
Millin  Observatory  and  include  stars  whose  orbits 
have  been  computed  as  well  as  those  classed  as  binary 
or  probably  binary  in  Burnham's  "General  Catalogue." 
The  numbers  of  the  stars  refer  to  this  catalogue. 

The  value  of  one  revolution  of  the  micrometer 
adopted  was  the  mean  of  four  determinations  made 
from  observations  of  Polaris  by  the  writer  in  1896 
and  of  three  determinations  made  by  Professor 
Manson  in  1908,  1909,  and  1910.  The  separate  means 
of  each  observer  being  in  substantial  agreement. 

B.  G.  C.  426     2   60 


The  program  of  observing  finally  adopted  was  to 
make  four  settings  for  position  angle,  reversing  the 
micrometer    180     between   each   setting.     These   were 

then  followed  by  three  measures  of  tin'  double  dis- 
tance. The  zero  of  the  position  circle  was  determined 
on  twenty-four  nights  but  the  result-  were  so  accordant 
that  the  mean  was  used  in  the  reductions.  This 
program  was  generally  but  not  strictly  adhered  to. 
No  attempt  was  made  to  estimate  the  magnitudes. 
The  powers  used  were  either  270  or  340. 
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111.6 

2.41 

1919.552 

110.4 

2.45 

1919.53 

111.1 

2.41 

b.  g.  c. 

7117  ii 

LI! 

1919,192 

298.7 

1.S6 

1919.495 

297.2 

1.71 

1919.498 

297.2 

1.77 

1919.50 

297.7 

1.78 

/;.  G.  C. 

7273  2 

19  11 

1919.503 

329.3 

1.30 

1919.533 

324.6 

1.17 

1919.552 

327.1 

1.15 

1919.53 

327.0 

1.21 

B.  G.  C. 

7318  2 

1954 

1919.495 

183.2 

3.93 

1919.492 

184.3 

3.89 

1919.498 

182.7 

3.88 

1919.50 

183.4 

3.90 

b.  <;.  C. 

8340  2 

227 

2 

L919.566 

134.6 

5.48 

1919.577 

136.8 

5.47 

1919.599 

134.7 

5.49 

1919.58 

135.4 

5.48 
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1919.566 
1819.574 
1919.577 
1919.599 


184.8 
182.7 
184.1 
183.1 


1.89 
1.90 
1.90 
1.93 


1919.58 


183.7 


1.91 


B.  G.  C.  8798  2  2398 

1919.709  152.8  17.63 

1919.728  154.7  17.52 

1919.733  153.4  17.40 


1919.72 


153.6 


17.52 


B.  G.  C.   9602  2  2576 


1919.709 
1919.728 
1919.733 


279.7 
277.2 

277.8 


2.04 
1.92 
1.72 


1919.72 


278.2 


1.89 


B.  G.  C.   10685  2  2744 


1919.728 
1919.736 
1919.739 


154.8 
155.3 
155.6 


1.68 
1.62 
1.55 


1919.73 


155.2 


1.62 


B.  G.  C.   11743  2  2909 


1919.796 
1919.807 
1919.813 


306.4 
306.5 
306.3 


3.04 
2.86 
3.02 


1919.81 


306.4 


2.97 


The  Emerson  McMillin  Observatory, 
February  Uth,  1920. 


OBSERVATIONS  OF  COMET  FIN  LAY, 

MADE  WITH  THE  26-INCH  EQUATORIAL  OF  THE  U.  S.  NAVAL  OBSERVATORY, 

By  ERNEST  CLARE   BOWER. 


[Communicated  by  Rear  At 

miral  J.  A.  Hoogewerff,  U.  S.  N 

vvy,  Superintendent.] 

W.  M.  T. 

tj^'s  apparent  place 

'"• 

Comp. 

log  pp 

Ap.  pi.  red  of  if 

c 
'3 

* 

1919                h       m      s 

Nov.  13  7  46  51 

23    4™  9^19  -   8  11  29.5 

+  T  6.18  -4    2.7 

*25,5 

8.347    0.807 

+3.99  +25.8 

V 

1 

17  7  37    8 

23  37    3.93  -   3  19  31.2 

-0    4.26  -1  29.3 

rfl0,8 

8. 50 In  0.770 

+4.09  +26.9 

f 

2 

22  7  51  11 

0  14  24.30  +  2  15  49.3 

+  2  37.61  +0  13.0 

1 35  ,  7 

8.589n  0.718 

+  4.24  +27.5 

V 

3 

24  7  47  23 

0  27  56.12  +  4  15  19.6 

+  1  15.69  +1     1.3 

1 40  ,  8 

8.761n  0.697 

+4.32  +27.3 

f 

4 

Dec.    15  8    7  54 

2  10    9.55  +17  14  23.0 

-0  11.13  -0  49.7 

dl0,8 

8.759n  0.510 

+  5.04  +23.1 

■p 

5 

20  8  12  49 

2  26  52.16  +18  50  57.5 

-0  24.56  -5  24.2 

rflO  ,  8 

8.618k  0.477 

+  5.17  +21.7 

f 

6 

22  8    3  34 

2  33     1.91  +19  23  57.4 

+  0  18.85  +1  17.2 

dlO  ,  8 

8.759n  0.466 

+  5.21  +21.2 

V 

7 

Nov.  13.      Brightness  9m.      Diffuse.      Transits  very  poor.      Nov.  17.      Haze.     Nov.  22.     Poor  observa- 

tion.    Nov.   24.     Transits  poor.      Haze.      Dec.    15.      Clouds,     Dec.   20.      Comet  faint.      Used    a  step 

star.      Haze.      Dec.   22.      Comet  faint,  diffuse.      Haze.     Poor  observation. 

Comp.:     d  =  direct  measures,  clock  running;   /  =  transits. 

Mean  Places  of  Comparison  Stars  for  1919.0 


* 

a 

8 

Authority 

* 

a 

O 

Authority 

1 

h      m       8 

23    2  59.02 

-   8    7  52.6 

A.G.Wien-Ottak.  8217 

6 

h      m       s 

2  27  11.55 

+  18  56    0.0 

A.G.  Berlin  A    .     692 

2 
3 

23  37    4. 10 
0  11  42.45 

-   3  18  28.8 
+  2  15    8.8 

A.G.  Straszburg    si  17 

A.G.  A llni nit             35 

7 

2  32  37.85 

+  19  22  19.0 

( 12m,  comp.  with  8, 
)                       1919  Dec.  22 
Aa  =  -lm2Gs.27,A5  = 

4 

0  26  36.11 

+   4  13  51.0 

Cin.Pub.~N6.18-A,     57 

(                    -21  ".0,  1919.0 

5       2  10  15.64 

+  17  14  49.6 

A.G.  Berlin  A         625 

8 

2  34    4.12 

+  19  22  40.6 

A.G.  Berlin  A         715 

r.  S.  Naval  Observatory,  Washington,  D.  C,  1920   Mar.  81 
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DIRECT   MICRO-METRICAL  OBSERVATIONS  OF  THE   SUN, 
HELIOGRAPHIC  POSITIONS  OF  SUNSPOTS,* 

By  E.  D.  ROE,  Jr. 


§1.     Introduction 

In  No.  744  of  the  Journal,  I  described  a  method  and 
appliances  for  observing  the  Sun  directly  with  the 
micrometer.  The  object  of  the  present  paper  is  to 
exhibit  the  mathematical  treatment  used  by  me  in 
determining  the  heliographic  positions  of  sun  spots. 
The  method  in  slmrl  is  this.  The  fixed  thread  of  the 
micrometer,  placed  at  the  center  of  the  'tube,  is  set 
parallel  to  the  Sun's  axis  at  the  time  of  observation, 
and  is  then  brought  to  bisection  of  the  point  whose 
position  is  to  be  observed.  The  movable  thread  is 
then  run  out  until  it  is  tangent  to  the  Sun's  limb. 
The  distance  from  the  axis  is  obtained  by  subtracting 
the  reading  from  the  semi-diameter  of  the  Sun  at  the 
same  time.  This  gives  a  coordinate  x  positive  if  east, 
negative  if  west.  The  fixed  thread  is  then  turned 
through  90c  and  a  coordinate  y  positive  if  north,  and 
negative  if  south,  obtained  m  the  same  manner.  All 
observations  are  made  with  the  driving  clock  on. 
One  turn  of  the  screw  is  the  unit  of  linear  mi  asure 
used. 

It  is  evident  that  the  measurements  in  the  plane  of 
t  he  micrometer  are  inclined  at  an  angle  to  the  diamet  ral 
plane  through  the  Sun  perpendicular  to  the  line  from 
the  observer  to  the  center  of  the  Sim,  also  that  we  have 
a  conical  projection.  Two  transformations  of  x  and 
ij  are  therefore  necessary,  the  first  to.  refer  all  the 
observations  to  the  diametral  plane  perpendicular  to 
the  line  to  the  Sun's  center,  and  a  second  transforma- 
tion from  conical  to  orthogonal  projection.  When  the 
coordinates  of  the  orthogonal  projection  Xo,  //„  have 
been  obtained,  two  parts  of  a  spherical  triangle  on  the 
surface  of  the  Sun  are  immediately  determined  by 
solid  analytic  geometry,  and  a  third  part,  the  latitude 
of    the    center    of   the    Sun's   disc,    from    the    nautical 


*Presented  at  the  Meeting  of  the  American  Astronomical  Society, 

1'  September,   1919. 


almanac.      The    vertices    of    the    spherical    triangl 
the  n  pot ,   a    pole  of   ' 

beyond  the  pole  on  the  circle  through  center  and  pole 
at  a  distance  from  the  pole  equal  to  the  latitude  of  t  he 
(inter  of   the  Sun's  disc.      The  case   in   triangles   to    be 

solved  is  that  of  two  sides  and  the  included  angle 
given.  Two  of  the  required  parts  yield  the  latitude 
and  longitude  from  the  center,  midway  between  the 
poles,    from    which    the    absolute    longitude    results    by 

addition  or  subtraction  of  the  longtiude  of  this  center 
obtained  from  the  nautical  almanac.  So  far  as  I 
know    this  method   has  not    be*  n   used   before. 

It  should  be  added  that  the  motive  for  the  Work 
was  twofold.  1.  To  make  the  telescope  farther 
available  tor  daylight  work.  2.  To  encourage  work 
by  amateurs  with  a  small  telescope.  As  remarked  in 
my  previous  paper,  the  method  of  direct  observation 
can  be  used  with  any  telescope  driven  by  clock  work, 
but  for  this  work  on  the  Sun,  by  this  method,  the  small 
telescope  will  have  the  advantage,  unless  an  eye  piece 
for  the  large  instrument  can  be  made  with  a  field  of  at 
least  21'  of  arc  This  for  the  40-inch  refractor  of  the 
Yerkes  Observatory  would  require  an  eye  piece  with 
a  field  lens  of  4.(>  inch  aperture.  Mosl  beautiful 
views  can  be  obtained  with  the  large  telescope,  though 
perhaps  not  under  all  conditions  of  atmosphere.  On 
August  21,  1910,  I  diaphragmed  the  20-inch  refractor 
ol  !  he  (  'hamberlin  <  >bs<  I  vatorj ,  -which  I  was  pern 
to  use  through  the  courtesy  of  Dean  Howe,  to  3$4 
inch.  The  delicacy  and  exquisiteness  of  detail  in  feath- 
ery and  filamentary  structure  and  burred  appearance  of 
nuclei,  and  brilliance  of  bridges  of  flame,  on  the  great 
spots  of  the  group  then  on,  exceeded  anything  ever 
seen  before,  an  opinion  in  which  Director  Howe  con- 
curred. No  photograph  could  begin  to  compare  with 
it.  At  the  time  the  heavens  were  smoky  from  forest 
fires  which  may  have  made  the  seeing  unusually  good. 
The  distances  subtended  perpendicularly  to  the  line  of 
sight  by  the  spots  were  easily  measured  and  evaluated. 
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$2.     The    Transformation     from    Conical    to 
Orthogonal  Projection 


"    E 


In  Fig.  1  let  P  represent  a  spot  on  the  surface  of  the 
Sun.  It  is  seen  at  C  on  the  diametral  plane  per- 
pendicular to  EO.  a  line  from  the  point  of  observation 
to  the  center  of  the  Sun.  DB  is  parallel  to  HS  rep- 
resenting the  plane  of  the  micrometer  and  the  focal 
image  of  the  Sun  in  that  plane.  EH  on  the  focal 
image  represents  the  distance  BD  in  a  parallel  plan:' 
from  the  spot  to  the  limb  of  the  Sun.  HE  is  per- 
pendicular to  EP  which  coincides  with  the  axis  of  the 
tube  of  the  telescope.  OB  =  OD  -  BD  =  s,  is  the 
distance  from  0  of  the  spot's  projection  on  OD.  s  = 
(x-  +  #2)-,  where  x  and  y  are  obtained  from  measures 
on  the  focal  image  in  the  plane  HS  in  the  manner 
already  described.  EO  =  d,  the  distance  of  the  Sun 
from  the  point  of  observation.  OD  =  r.  the  semi- 
diameter    of    the    Sun    from    E.     COB  =  OEB  =  d. 


Sin  9  = 


-,.     From  the    figure    PE    sin    6  = 


where  <p  =  GOP.     PE  =  BE 

{f2-  x-  -  if)?. 


BP=  (,l-  -  .)■- 


sin    tp. 

y¥  - 


Thus 


;•  sin  tp 


(*2    +!!■)•■ 


(   (<P  -X*-  J/*)!  -  (r   -  .r  -  ,/V). 


Next  pass  planes  through  E  embracing  x,  //.  and  s. 
Spherical  figures  will  be  formed  on  the  Sun's  surface 
as   indicated   in    Fig.   2.      HD   is   perpendicular  to   HD, 


H.J  =  90°,  DBJ  is  a  right  spherical  and  RB.J  a  quad- 
rantal  triangle,  a  =  6.  From  DBJ  we  have  cos  c  = 
cos  a  cos  b, 


cos  B  = 


sin  fl  re  i-  h 


tan  a 

tan  c         (1  —  cos-  a  cos-  £>)' 


From  the  quadrantal  triangle  RB.I 
tan  A 


tan  c  = 


sin  B 


whence 

tan  A  =  tan  U  sec  <;  =   -  sec 

y 

Similarly  tan  A'  = 


xd 


y  (d-  -x-  -i/y  ' 
yd 


x  {d?  -.<--'  - 


Also  sin  a  =  cos  B  sin  c  =  sin  #  cos  h 


d  ' 


(d*  -  yV 


tan  a  = 


d  ' 


.'/ 


(d2  -  y*y 


(d2  -  .t2)1 


sin  A   = 


sin  A' 


Xll 


[(d*  -  ,/-">  (.r  +  /r)|» 


c    is    .1      = 


,y(d*  -  x2  -  j/2)' 
[(#  -  ,v2)  (*2  +  ?/=)]> 


yd 


[<d2   -   X-)   {X*  +  J/2)]!    ' 
cos  .4'    = 


[(d2   -  X2)  (.X2  +  j/*)]» 
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A  +  A',  cos  7  =  —  tan  a  tan  a'  = 


•'•// 


d((P 


\((p   -,•=,   (d»-yl)]i 

.r  -  //-)* 


[(#  _a4)  (<p  _  ^i)]! 


To  find  the  coordinates  of  the  point  P  on  the  Sun 
referred  to  the  diametral  plane  perpendicular  to  OE, 
we  note  that  the  angle  between  the  projected  co- 
ordinates is  A  +  A',  that  ;/n  makes  the  angle  A  with 
r  sin  <£>,  and  x0  the  angle  A'  with  it.  Hence  .r0,  j/o  are 
found  from 


■To 

sin  4 


sin  .4'        sin  (A  +  A') 


whence    by     using    the     values     of     sin     A,     sin     A', 
sin  (A  +  4'),  r  sin  <p  and  reducing,  we  obtain. 


,0  =  x((p  7  x2)i  i 


2/2J    /   ' 


2/o  = 


y(d*  -  ;r)-' 
d 


'i  _  l~r'  -  a;2  -  y2ll 
l(P  -  .r-'  -  y"j 


These  are  the  exact  formulas  for  transforming  from 
conical  to  orthogonal  projection.  They  may  also  be 
obtained  by  a  transformation  from  rectangular  co- 
ordinates .r,  y,  z,  in  which  the  z  axis  parallel  to  the  line 
PE,  passes  through  0,  to  the  coordinates  .r„,  yB,  20,  in 
which  the  axis  of  Zo  coincides  with  OE.  but  as  a  pro- 
portionality factor  and  several  direction  cosines  have 
to  be  ascertained  before  the  transformation  is  complete, 
the  method  used  seems  to  be  by  all  means  the  simpler. 

If  x  =  y  =  0,     i0  =  //0  =  0.  If  x  =  r,     y  =  0, 

r(d?   -   r2Y 


As    the    function 


w(d2  -   u2)» 


taken    from     u   =  0    to 


u  =  r  differs  from  u  at  most  by  less  than  half  a  unit 
in  the  third  decimal  place  and  since  our  data  are  only 
given  to  three  places  of  decimals,  we  may  take  for 
purposes  of  computation 


1 


j/o 


_  [r2  -  x-  -  j/'-n;  \ 
[_d2  -  .t?  -  j/s J  y  ' 


And  computations  farther  show  that 


•To 


=  .r     1 


d 


1  - 


.r-  +  //: 


=  x(l 


sin  (if)  sin  <j>), 


i/o  =  ?/(l  -  sin  @  sin  <j>), 


will  give  results  correct  to  three  places  of  decimals. 
®  is  the  angular  semi-diameter  of  the  Sun's  disc  from 
E  at  the  time  of  the  observation,  but  the  geocentric 
may  be  used. 

<l>  =  cos  -'  -  . 

r 

For  r  may  be  taken  the  geocentric  semi-diameter  of 
the    Sun's   disc    expressed  in  turns  of  the   micrometer 

screw. 


§3.     The    Angle    Between    the    Co-ordinates    of 
Orthogonal  Projection 

As  the  angle  between  x  and  y  is  taken  as  90°,  as 
shown  by  the  arc  //./  in  Fig.  2  and  as  RK  and  RL 
are  each  90°,  it  is  evident  that  the  angle  A  +  A'  =  y 
between  .<•„  and  //„  is  greater  than  90°.  The  following 
investigation  shows  by  what  limit  it  exceeds  90°. 

We  have 


■''.'/ 


[  ((P  -  x*)  (d2  -  i/:)P 
and  we  wish  to  find  the  maximum  value  of  —  cos  7. 
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For  this, 


.1-  y 


(d2  -  z2)  (rf2  -  if) 
will  be  at  a  maximum  and 


(cP  -  a-')  (rf2  -  xf) 
.r-  (y? 


-^-ft  +  ij^+l 


will    lie   at   a   minimum,     x-  +  //'-  =  s2.     Forja    given 
value  of  s 


2x  <l  x  +  2//  <l  y  =  0, 


,/.,' 


,7.r 


gives 


whence 


t.r-  -   //-l  (d2  -  .r  -  i/2)   =    0, 


.r'-'  =  //",     or     f/-  =  .)■'•'  +  //-. 

x  =  y  corresponds  in  the  maximum  value  of  —  cos  y, 
since  cP  =  .<•'-'  +  if-  ami  x  =  —  //  are  no1  admissible  for 
consideration  within  the  limited  range  of  the  function 
employed  in  t  he  practical  problem. 


Thus 


cos  7  = 


,/"- 


i  divergence  of  7  from  90°  for"a  given 
s,  and  this  increases  in  value  with  x".  The  greatest 
value  of  s  allowed  is  s  =  r. 


Thus 


2x-  = 


gives  the  greatest   value  of  x'\  whence 

r-  sin2  ii 

CMS    -V      =       —        ^-^ 


2d2  -  r-'  ]   +  ci 

which  becomes  larger  with  (§). 


The   largest    value    that    ®    can    have    is    less    than 
16'  18".     For  this  value  of  ® 

y  =  90°  00'     2".31, 

and  thus  the  greatest  possible  theoretical  divergence* 
from  90°  of  the  angle  between  the  coordinates  of 
orthogonal  projection  is  less  than  2". 31.  This  angle 
is  clearly  below  any  possible  observation  with  the 
position  micrometer,  since  the  finest  position  circles 
are  only  capable  of  distinguishing  1/100  of  a  degree 
or  'M\"  in  the  position  angle.  We  proceed  in  the  next 
step  as  if  the  angle  between  the  axes  is  90°. 


§4-     The   Application   of  Analytic   Geometry 


By  solid  analytic  geometry,  if  Xo  and  ya  are  rec- 
tangular coordinates  of  P.  a  point  in  a  sun  spot  on  the 
surface  of  the  Sun,  with  origin  at  the  Sun's  center  0, 

and  /  is  the  latitude  of  the  center  of  the  Sun's   disc, 


we  have 


—  Xo  =  r  sin  a'  sin   .1  ' 


whence 


sin.l' 


I''-  -   . 


We  now  have  a',  A',  and  1.  from  which  we  find  <;. 
180°  —  A.  90°  —  a  is  the  latitude  and  .1  is  the  longi- 
tude from  a  meridian  through  <>  and  E,  Fig.  1,  and  the 
Sun's  axis  at  the  time  of  observation,  from  which  the 
longitude  from  the  prime  meridian  can  he  obtained  by 
algebraic  addition. 

*The  antsle  ;•  diverges  must  on  any  da)  when  the  spot  is  exactly 
on  the  limb;  practically  it  is  not  likely  to  be  observed  in  this  posi- 
tion. 
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§5.     Formulas  for  the  Solution 

Any  of  the  formulas  for  the  case,  given  two  sides 
and  the  included  angle  may  be  used.     Among  others 

these  may  be  employed. 


ctn  Long. 


<rs  -  xlY- 


/(>■"  -  x\  -  iff,) 


sin  Lat. 


1  cos    eos*1  -    -  tan  '        — ; =-^-      tan 

L         r L    '"  -  m    J 


cos  tan 


yi  5 


>-  -  y» 


tan 


As  a  check  we  may  use  sin  a  sin  A  =  sin  <■/'  sin  A',  or 
sin  (/'  sin  A'  =  sin   Limn,   cos   Lat.,   or  sin    Long,  cos 

T 

Lat.  —  =  1.     The  regular  formulas  for  this   case  con- 
.I'n 

sisting   of   Napier's   Analogies   may   be   used   and    the 

theorem  of  sines  applied  as  a  cheek,  after  all  the  parts 

arc    found.      It    is    not     necessary     to    calculate    exact 

values  of  '/,  /'.  and  sin  Up  for  the  point    A',    since  the 

geocentric  values  given  by  (lie  nautical  almanac   may 

he   used   without   appreciable  error.     Thus   to    gel    log 

sin    ii    subtract  the  logarithm  given  for  the  distance  of 

the  Sun  from  7.6676771    Id.     Tims  for  22  June,    1919 

Greenwich    .Mean    Noon    this   logarithm    is    0.0070525, 

hence  at  this  time  log  sin  ®  =  7.6606246-10.*     In  a 

subsequent    paper    the    reduction    by    the     foregoing 

method  of  many  observal  ions  made  at  Roe  ( )bservatory 

will  he  presented  with  farther  notes  or  remarks. 


§6.     Discussion  of  the  Fundamental  Assumptions 

In  Fig.  5,  D'F'  represents  the  focal  image  of  the 
Sun.  OD  is  parallel  to  D'F'.  EP  the  axis  of  the 
tube  is  perpendicular  to  D'F'  and  to  OD.  AT  is 
tangent  to  the  Sun  at  T.  OT  is  perpendicular  to  ET. 
P  represents  a  sun  spot.  OB  i-  i  s  distance  from  the 
center  on  OD.  D'  =  T',  P'  =  B'  =  E,  0',  /•"  are  the 
corresponding  points  to  D  and  T,  B  and  P,  0  and  F 
respectively.  We  shall  use  OB  as  representing  an  x 
coordinate.  EB  is  perpendicular  to  OD.  OED  =  ®, 
BEO  =  6.     OT  =  r  ,  EO  =  d. 

*Thi.s  value  of  log  sin  ®  is  obtained  from  sin  ®  =  ,  where  r 
and  </  arc  expressed  in  miles,  ami  «/  is  the  variable  geocentric  dis- 
tance. The  exact  value  of  ®  so  obtained  is  about  I". Mi  smaller 
than  that  given  in  the  American  Ephemeris  Tables,  but  is  tin- 
value  used  in  the  Ephemeris  fur  the  calculation  <>f  eclipse-.. 


Most  persons  would  probably  he  disposed  to  admit 
the  assumptions  used  in  this  paper  as  being  reasonable 
and  without  requiring  their  further  justification,  due 
object  of  the  present  section  is  to  furnish  their  rigorous 
justification.  These  fundamental  assumptions  are  that, 
without  measurable  error  within  the  limits  in  which 
observations  are  proposed  to  be  made,  the  micrometer 
measures  may  he  indifferently  regarded,  as  usual,  (1) 
as  angular  measures,  or.  (2J  a-  linear  measures;  (3) 
thai  such  linear  measures  are  made  on  the  focal  image 
of  the  Sii/i,  and  thai  the  measure  is  also  the  length  of 
the  corresponding  segment  in  the  Sun  on  a  line  from 
l  he  center  of  the  Sun  parallel  to  the  plane  of  the 
micrometer  and  between  the  corresponding  points; 
(I)  that  the  length  <U>.  Fig.  5,  may  he  replaced  by  'he 
length  OT;  and  (5)  that  in  the  ease  of  measuring  x 
and  y  the  angle  is  noi  changed  by  swinging  the  plane 
of  such  measurement    out    from  the  center   of  Hie  tube. 

(I  I,  (2),  (3),  (4).  In  order  to  obtain  OB  we  a-  nine 
we  may  subsrad  BD  from  OT,  the  radius  /•,  when 
rigorously  it  should  be  subtracted  from  OD  =  r  see 
(®  —  0).  As  OD  >  OT,  the  amount  of  error  in- 
volved in  this  is  OD  -  OT  =  r(sec  n  -  d)  -  1), 
greatest  when  0  =  0,  and  when  ®  is  greatest.  For 
my  micrometer,  one  turn  of  the  screw  taken  as  20". 09 
for  this  work,  and  lor  ®  =  16'  18",  r  =  48.681,  (see 
the  assumption  following)  and  r  sec  ®  =  48.6815. 
Thus  the  error  amounts  to  less  than  0.0005,  and  is 
usually  much  less  because  0  will  not  generally  be  zero, 
nor  @  quite  so  large.  For  a  micrometer  with  10" 
to  a  turn  of  the  screw   the  error  would   be  less    than 
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0.001*,  but  even  if  it  were  one  unit  in  the  third  place, 
it  is  less  than  the  probable  error  of  setting,  and  hence 
may  lie  disregarded.  Tims  we  are  justified  in  using 
OT  -  BD  instead  of  OD  -  BD  for  OB.  We  shall 
take  the  number  of  turns  of  the  screw  in  the  angle 
®  as  the  number  of  units  in  the  radius  r  of  the  Sun. 
As  we  may  take  the  measure  of  one  such  distance  at 
pleasure,  this  needs  no  further  justification.  Thus  if 
(fi)  =  cr,  where    H    is  expressed  in  radians  and 


180  x  60  x  60  ' 


a  is  the  number  of  seconds  to  one  turn  of  the  screw, 
we  shall  take  /•  as  the  measure  of  the  radius  r,  and 
we  shall  he  able  to  determine  the  error  of  assuming 
OB  to  he  expressed  by  x,  the  number  of  turns  of  the 
screw  m  the  angle  6.  by  comparing  x  with  the  true 
value  of  OB  as  obtained  from  the  angle  6  and  the 
distance  <l  in  the  right  triangle  OBE. 


We  have 


r  =  (I  sin  ®,  OB  =  d  sin 


sin  6 


=  1 


=  A-  , 


if   powers   of  6  higher   than  the   second   are    dropped. 
6  =  ex,    ®  =  cr.    sin    6  =  8k  =  cxk,    sin    H    =  (g)  jfc0  = 

irhence  OB  =  •<'  77  ■  with  A-g  A-0,  as  Js@,     /,■  = 

0,    when    8   =   0.     The    error    v  =  x  7-  —  x,    and    is 

A"o 

tesl    when 


3c2  j2 


n  Inch  gives 


1  - 


IT 


1   =  0, 


\  3  ' 


and  this  makes  the  second  derivative   negative.      Hence 
the  error  is  a  maximum  when 

.  x  1     r 

d       V3  d 

"In  general  the  oumber  of  units  of  linear  measure  in  the  error, 

for  a  micrometer  with    .     to  one  turn  of  the  screw,  will  be       '  ' 

it 

1  imes  the  erroi  gh  1  n  foi  mj  micron  1  U  * 


or  when  0  =  9'  21".66,  foi  which  x  =  27.957,  OB  = 
27. 9570709  (my  micrometer).  Thus  the  greatest 
possible  error  inside  the  limits  of  observation,  in  assum- 
ing OB  =  x,  is  less  than  —0.000071.  And  it  results 
from  our  assumption  that  the  numerical  measure  of  the 
angle  is  less  than  the  line  OB,  until  OB  =  r,  and  after 
that  it  is  greater  than  OB.  Of  course  when  6  =  0, 
x  =  OB  =  0.  If  we  should  take  OC  as  x,  we  would 
have  to  compare  OC  =  d  tan  6  with  .r.  Similarly  a? 
before 


tan  6 


=  \  +  -   =  h,        OC  =  x 


X  -.-    =  v, 


is  the  error.  The  maximum  comes  as  before  for 
0  =  9'21".66,  x  =  27.957,  OC  =  27.957  -0.000142. 
Thus  the  error  is  considerably  greater  than  before 
(twice  as  large  and  in  the  opposite  sense)  which  con- 
firms our  choice  of  the  previous  assumption  as  the 
better  one.  If  however  we  had  used  the  latter  assump- 
tion we  should  have  obtained 


f  d2  _  VrW  -  (d*-  -  r2)  (x-  +  if) 

\d-  +  x-  +  tf  d-  +  x'2  +  y'2 

and  by  throwing  away  enough,  such  as  putting 

d1  ,  .r2+  1/ 


d*  +  x-  +  if 


1, 


rf2 


=  0, 


*  -  °. 


we  get  as  before, 

x0  =  (1  —  sin   fj)  sin  $),  etc. 

In  Fig.  6  P'  is  the  projection  of  P,  0  the  projection 
of  E.  Any  plane  embracing  EP  is  perpendicular  to 
the  plane  of  ,r  and  y  because  EP  is  perpendicular  to 
it.  .r  at  P'  is  parallel  to  .r  at  A"  and  x  at  P'  is  per- 
pendicular to  EP'  and  to  P'X,  hence  perpendicular  to 
the  plane  EP'X.  Therefore  x  at  X  is  perpendicular  to 
EP'X.  and  hence  to  EX.i  This  is  also  seen  from  work 
in  connection  with  Fig.  2,  where  it  is  shown  that 
EOX  =  90°  -  V.     Draw    XM    perpendicular    to    OE. 

+  Naturally  we  cl -    here  the  measure  of  the  angle  (H)  taken  from 

<>E  to  a  line  from  E  to  the  extremity  of  the  radius  along  OC  as  the 
measure  of  the  radius  and  denote  this  measure  by  r  and  have 

tan    §   =  II   =    c,  etc. 

The    difference    between    the    greatest    value    of      Hj  obtained    from 
-  :;    11   =    :  ,  or  tan 
certainly  measurable. 


^Therefore  XEO  =  a',  sin  a'  =  -  .  and  similarly  sin  a  = 


-J,  and 

if  we  had  used  Fig   6  along  with  Fig.  2,  we  could,  without  the  use 

wf  the  auxiliary  are  c,  have  obtained  from  the  quadrantal  tri- 
angle HH.l  and  from  the  right  triangle-  RDJ  and  RDH  respectively, 
COS  1  +.4')  =  —  tan  a  tan  a',  tan  A  =  tan  />  sec  ".  tan  .4'  = 
tan  b'  see  8,  etc. 
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Fm,6 


Then 


tan  tp  = 


-  |  neglecting  higher  powers  of  u   than  the  second,  or 

f  x  =  -^  ,     d  =  9'  21".66 

as  in  the  previous  maximum  error. 

u  =  X()"  sin3   ii    =  0.00000002051  I. 


The  decrease  in   the  angle  is  0".0043  and   is  without 
any  significance. 

One  other  comparison  may  be  made  here.  While 
theoretically  the  measure  will  be  different  according 
as  the  fixed  thread  is  placid  on  the  limb  or  on  the 
spot,  the  difference  will  always  be,  within  the  limits 
assigned  to  our  observations,  beyond  the  place  of 
decimals  to  which  we  can  read  the  setting.  Let  Sj 
and  n.j  be  the  distances  from  the  center  obtained  with 
fixed  thread  on  the  spot  and  liml>  respectively.  From 
Fig.  5,  OB  and  OG  now  representing  the  distances, 


MX 

EM 


sill  a    cos  a 


=  tan  a.' 


i   =  a.  and  OXE  =  90°. 

If  x  is  taken  at  the  center  or  at  P',  the  difference   be- 
tween the  sines  of  the  two  angles  is 

a.  .)■-  +  //■  =  s2; 


for  a  given  s;      u  is  a  maximum  when 


1  I  x1 


=  o, 


or  when 


2-2    =    (p    +   S2    _    dt    (,/■-•   +   S2)!_ 


As  ;/  increases  with  s,  the  greatest   value  of  u  will   be 
for  s  =  r,   and   hence  for 


X-   =  d-  +  r-  -  d3  (r/-  +  rM\ 


or  for 


2  =  Vl  +  sin2  ®  -  (1  +  siir  ®)'   =  '^-f  , 


OB 


(Hi   =  s2  = 


r  sin  {ip  + 


/'  sin  (<p  + 


r  sin  9 

sin  ®  ' 


csiii  9 


cos  (@  -  9)        sin  ®  cos  (®-  9) 
Neglecting  higher  powers  than  the  second, 

r9  (®  -  9Y 


2  sin  ®       ' 

When  this  is  a  maximum,  v  =  0(®  —  9)-  must,  he  a 
maximum,  D,v  =  (®  -  36)  (®  -  9)  =  0,  gives  9  = 
®,  which  makes  the  second  derivative  Dlv  =  —  4®  + 
69  positive,  hence  gives  a  minimum,  while  0  =  J  ®, 
makes  the  second  derivative  negative  and  gives  a 
maximum.  If  ®  =  16'  18",  J  ®  =  5'  26",  ®  -  0  = 
10' 52".  si  =  16.22705,  s2  =  16.22713.  Hence  the 
maximum  difference  is  not  measurable. 

No  corrections  have  been  made  for  refraction  and 
parallax.  In  the  case  of  the  former  it  is  believed  that 
with  attention  to  the  time  of  observation,  and  in  the 
case  of  the  latter  from  calculations  which  need  not 
be  given  here,  the  errors  are  not  measurable.  From 
what  has  been  done  it  will  undoubtedly  appear  that  in 
general  the  mathematical  treatment  is  more  refined 
than  the  observations  possibly  can  be.  The  analysis 
used  was  adopted  as  most  nearly  representing  the 
actual  method  and  interpretation  of  the  observations, 
while  the  method  of  putting  the  fixed  thread  on  the 
spot  instead  of  on  the  limb  insures  that  x  and  //  are 
measured  at  90°  from  each  other  and  in  the  same 
plane.      However  if  a  spot  is  near   the   middle   of  the 
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eastern  or  western  limb  and  if  after  turning  through 
(in  its  distance  from  the  northern  or  southern  limb  is 
tied  by  shifting  the  center  of  the  tube  a  little  in 
order  to  bring  the  extreme  setting  of  the  movable 
thread  into  the  field  of  view  when  the  box  can  be 
shifted  mi  farther,  the  measure  of  y  will  be  in  a  little 
different  plane  from  that  of  x,  bu1  the  error  will  not  be 
measurable. 


$7.     Other    Applications    of   the    Method 

This  method  can  be  applied  to  the  measurement  and 
reduction  of  photographs  of  the  Sun  after  the  usual 
corrections  have  been  made  for  photographic  errors. 
The  method  can  also  he  applied  to  determine  the  dis- 
tance between  two  points  on  the  Moon.  The  actual 
distance  from  the  observer  to  the  Moon  can  be  found 
from  the  geocentric  distance,  the  radius  of  the  point 
of  observation,  and  the  zenith  distance  of  the  Moon. 
From  the  coordinates  x,  //,  of  two  points  on  tin'  Moon, 
the  positions  of  A,  )',  the  axes,  at  right  angles  to  each 
other  being  chosen  at  convenience,  their  latitudes  and 
longitudes  from  the  arbitrary  reference  planes  can  he 
found  by  solving  two  spherical  triangles.  From  their 
latitudes  and  longitudes  an  additional  spherical  triangle 


will  ho  given,  whosejsolution  yields  as  one  of  its  parts 
the  distance  between  the  points,  in  degrees  of  arc, 
from  which  the  distance  in  miles  can  he  found  by 
using  tin'  radius  of  the  Moon  expressed  in  miles. 

§8.     Comparison  of  Methods 

An  advantage  of  this  method  over  the  method  of 
transits  is  that  it  is  easier  to  se1  the  threads  than  to 
observe  the  time  of  a  single  transit  accurately.  The 
value  of  one  turn  of  the  screw  has  been  obtained  more 
accurately  by  a  very  large  number  of  transits  or  other- 
wise than  it  could  he  by  a  single  transit.  The  method 
of  transits  gives  results  comparable  to  such  as  would 
he  obtained  by  micrometer  measures  if  a  different 
value  of  one  turn  of  the  screw  were  used  each  time. 

The  advantage  of  ;i  photograph  for  a  given  time  is 
that  it  can  b  n  measured  many  times,  while  only  one 
measure  can  he  made  tor  a  given  time  with  the  mi- 
crometer. Bui  if  much  time  is  used  in  photographing 
from  one  limb  of  the  Sun  to  the  other,  as  with  the 
spectroheliograph,  there  would  he  a  different  time  for 
each  segment  of  the  Sun,  and  the  advantage  would  he 
with    the   micrometer. 

Rot    Observatory, 
.7  January,  1:','". 


NOTE   OX   CERTAIN   STARS  OF   COMPOSITE   SPECTRA, 

By   ERIC   DOOLITTLE. 


Lists  of  stars  of  this  type  were  published  in  eighl 
different  places  by  tlie  Harvard  College  Observatory, 
to  which  complete  references  may  he  found  in  their 
latest  paper,  Circular  No.  221.  The  inference  is  that 
cadi  -tar  having  superimposed  spectra  is  either  a 
spectroscopic  or  a  visual  binary:  many  of  the  stars  are 
known  to  he  double;  the  remainder  are  announced  as 
new  double  stars.  Of  these  t  he  following  have  recently 
been  discovered  visually. 

(  [ri  i  i  \e  No.  ITS.  DM  +21  (5156).  This  is  Ait- 
ken  21  15.      195  .3  0".15  7.:;  7.3  Aitken  3n. 

No.  184.  DM  8°(2186).  This  is  Aitken  1580. 
L32  .8  0".30  7.1  8.8  Aitken  3n. 

No.  221.  DM  l-340(2264).  Seen  double  by  Arge- 
LANDER  and  measured  by   EsPIN  and   FRANKS.      An  8.5 

magnitude  companion  is  45"  distant. 


DM  +38°(4235).  This  is  Aitken  1434.  256°.5  2".30 
6.7  13.7  Aitken  3n. 

It  is  improbable,  however,  thai  the  very  faint  com- 
panion has  any  influence  on  the  sped  rum,  so  that  the 
star  is  douhtless  a  triple  system. 

DM  +53c(3267).     This  is  Aitken  1498.     67  .6  0".38 

8.3  8.6  Aitken   3n. 

An  interesting  example  in  these  lists  is  Burnham's 
Gi  hi  ml  Catalogue  No.  317,  =02  L5,  a  0".15  pair  which 
would  have  been  rejected  a-  a  double  star  had  Burn- 
ham  not  succeeded  iii  measuring  it  with  tic  36-inch  in 
1890.  Several  measures  have  since  been  made  upon 
it  with  the  largesl  refractors,  hut,  notwithstanding  its 
closeness,   the   pair  appears  to  he  fixed. 


The 


Flower  Obst  rvatory. 
April  3,   I:'. 'a. 


CONTENTS. 

Direct  Micrometricai   Ob  ua  wions  of  the  Stjn,  Heliographic  Positions  of  Stjnspots,  by  10.  1>.  Rof,  ,1k. 
Note  on  i'   rttn      i  >"  C    ■■<■>■  vrv,  Spectra,  in    Eric  Doolittle. 


EDITOR,      BENJAMIN     LiosS.     ALBANY.     IN.   1  .;      ASSOCIATE     kDlTOKs:      fc..     E.     BARNARD,     ESNEST     W.    BROWN,    F.    K.    MoULTON     AND     K.     S.     WOODWARD. 

Published  by  the  Dudley  Observatory,  Albany.    N.  Y.,  U.  S.  A.,  to  which  all  Communications  Should  Be  Addressed.     Price    $5.00  the  Volume. 
Press  of  Thos.  P.  Nichols  &  Son  Co..  Lynn,  Mass.     Closed.  M,n  I .'.  HK'ii. 


JUN11M20, 


THE 


..-rs. 


ASTEONOMICAL   JOUBNAL 


FOUNDED     BY     B      A      GOULD 


NO.  77<> 


VOL.  XXXIII 


ALBANY,    N.Y.,  1020,  JUNE  8 


NO.  2 


PHOTOGRAPHIC   DETERMINATIONS  OF   PARALLAXES  AT 
THE   ALLEGHENY   OBSERVATORY, 


Note.     In  Volume  4,   Publications  of   the    Allegheny 

Observatory ,  the  writer  df  this  note  published  the 
parallaxes  of  fifty  stars,  determined  with  the  aid  of 
the  Thaw  Refractor.  These  results  were  printed  and 
distributed  in  1917.  Since  that  time  the  distances  of 
more  than  300  additional  stars  have  been  determined 
by  various  members  of  the  observatory  staff.  In 
order  to  make  these  results  immediately  available, 
the  Editor  of  the  Journal  has  agreed  to  publish  a 
summary  of  them  here.  The  details  will  be  given 
in  full  in  subsequent  numbers  of  the  Publications  of 
the  Allegheny  Observatory.  In  about  two-thirds  of  the 
cases  four  comparison  stars  have  been  employed; 
in   the   others,   three.     The  average   number  of  plates 


for  each  star  is  fifteen.  The  average  probable  error 
of  the  parallaxes  is  0".0081.  To  obtain  absolute 
values  we  should  add  0".005  to  the  relative  parallaxes 
in  these  summaries.  The  serial  numbers  attached  to 
the  stars  are  in  continuation  to  those  assigned  to 
the  first  fifty.  It  should  be  mentioned  thai  if  has 
been  found  necessary  to  reject  very  few  plates  indeed 
on  account  of  discordance,  not  more  than  one  in 
four  hundred  for  the  present  lists.  We  are  under 
deep  obligations  to  Professor  Bailey,  Miss  Cannon, 
Professor  Porter  and  Professor  Boss  for  infor- 
mation concerning  spectra,  magnitudes  and  proper- 
motions  that  would  not  have  been  available  otherwise. 
January,   1920.  FRANK   SCHLESINGER. 
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Stars  51  to  81,  by  Charles  J.  Hudson 


51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 


X  Auriga 

o  A  urigce 

4  Geminorum  .  .  .  . 

05  149 

£  Geminorum .  .  .  . 

18  Monocerotis  .  . 
t  Geminorum  .  .  .  . 

5  Geminorum  .  .  .  . 

6  Canis  Minoris  . 
v  Geminorum  .  .  .  . 

a  Geminorum  .  .  . 
k  Geminorum  .  .  .  . 
13  Canis  Minoris 


5 

12 

38 

6 

4 

30 

40 

43 

7 

5 

14 

24 

30 

37 

38 

7 

57 

+  40 

1 

+  49 

47 

+  23 

1 
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21 

+  13 

0 

+  2 

31 
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25 

+  22 

10 

+  12 

13 

+  27 
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8 

+  24 

38 

+  2 

37 

+  39 

1248 

+49 

1398 

+  23 

1232 

+  27 

1164 

+  13 

1396 

+  2 

1397 

+  30 

1  139 

+  22 

1645 

+  12 

1567 

+  27 

1424 

+  29 

1590 

+  24 

1759 

+  2 

1854 

4.8  GO 
5.5  A0 
6.7  B9 

6.9  GO 

3.4  F5 

4.7  K0 

4.5  K0 
3.5  F0 

4.8  K0 

4.2  K5 

4.3  K0 
3.7  G5 
4.5  K0 


0.84 
.009 
.014 
.06 
.23 

.03 
.05 
.02 
.02 
.12 

.24 
.06 

.10 


+  .062 

±.007 

+  .012 

7 

.000 

7 

+  .021 

4 

+  .055 

8 

+  .019 

1(1 

+  .005 

10 

+  .055 

7 

+  .019 

8 

+  .010 

10 

+  .015 

6 

+  .025 

7 

+  .015 

7 

.019 
20 
20 
10 
23 

25 
25 
19 
19 
25 

13 
20 
20 
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64 
65 

66 
67 
68 
69 

70 

71 


73 

71 


77. 
76 


79 


so 

81 


2,  Lynch    

31  Lyncis 

a  Hydra; 

-,    ( 'inicr*      

5  Cancri      

6  Hydros 

k  Leonis      

2  272.")  (brighter) 
2  2725  (fainter)   . 

Mian 

t  Cygni 

t  Cygni.  .    . 

i  Pegasi 

t  Cephei 

.")  Lacerta    

p.  Pegasi      

^3  382 

tp  Pegasi ., 

p  ( 'ass  iopeia 


8     1 
16 

34 

38 

39 

'.)     9 

19 

20  42 

42 

21  1 
11 

22  2 

11 
25 

45 

4!) 

23  47 

lit 


+  51  4S 

+  13  30 

+   3  42 

+  21  50 

+  18  31 

+   2  44 

+  26  37 

+  15  32 

+  15  32 

+  43  32 

+  37  37 

+  21  51 

+56  33 

+  47  12 

+  24  4 

t-44  13 

+  is  34 

+  56  57 


+  51  1391 

+  43  1815 

+  3  2026 

+  21  1895 

+  18  2027 

+   2  2107 

+  26  1939 

+  15  4251 


+  43  3800 
+  37  4240 

+  24  4533 
+  56  2741 
+  46  3710 
+  23  4015 
+  43  4331 

+  18  5231 
+  56  3111 


4.0  A2 

4.4  K0 

4.5  K5 

4.7  A0 
1.2  Ko 
3.s  Ao 

1.6  K0 

7.3 
8.0 

3.9  K5 

3.8  F0 

4.0  F5 

4.2  A5 

4.6  KO 

3.7  KO 
5.6  AO 

5.2  Ma 

4.8  F8p 


0.05 
.11 

.02 
.11 
.21 
.34 
.06 

.12 
.10 

.011 

.45 


-.017 
+  .025 

+  .014 
+  .006 
-.012 
+  .012 
-.000 

+  .025 
-  .002 
+  .014 
-.008 
+  .058 


.30  +.067 

.45  +.027 

.02  .000 

.16  +.043 

.013  +.013 


.05 

.004 


+  .009 
+  .013 


.011 


11 


.032 


32 
15 
32 

20 
15 

22 

28 


16 
29 


26 


19 
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Stars  82  to  130  by  Frank  Schlesinger,   Luis   Denton   and  Others 


82 
83 
84 
85 
86 


88 
so 
90 

01 

92 
93 

94 
05 
96 

07 

os 
99 
100 
101 


a  Arietis 

6  Persei 

7:i  Ceti 

867  Ceti 

87  M  Ceti 

17  Persei      .... 

27  k  Persei 

B.  D.  +33°  619. 

35  a  Persei 

74  t  Tauri 

32  v  Auriga .... 
1  G<  minorum  .  .  . 
8  Monocerotis  .  . 
I.;  .  G<  '  aorum 
54  \  Geminorum 

60  1  Geminorum . 

L7  /8  (  ancri .... 

5  /3  Virgin  i, 

67  Ursa  Ma  juris 

12  Coma    


2 

2 

23 

38 

40 

45 

3 

3 

12 

24 

4 

23 

5 

45 

58 

0 

is 

58 

7 

12 

20 

8 

11 

1  1 

45 

57 

13 

5 

+  22  59 
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+  18 
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+  16  1443 
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1-18     -  +18  2607 


2.2  K2 

5.4  G5 

4.3  AO 

3.6  AO 

4.4  A5 

4.7  K5 

4.0  KO 
4.9  KO 
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4.2  KO 

4.3  G5 

4.5  A 5 
var.  GO 

3.6  A2 

3.9  l.o 

3.s  K2 

3.5  F8 

5.1  A3 
1.5  F5 


.24 
.39 

.04 
.21 

.20 

.08 

.24 
.015 

.021 
.12 

.007 

.11 

.000 

.007 

.07 

.14 
.07 
.70 
.32 
.45 


+  .029 
+  .007 
+  .017 
+  .014 
+  .028 

+  .005 

-.032 
+  .007 
+  .008 
+  .023 

+  .017 
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-.005 
+  .033 
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-.003 
+  .096 
+  .008 
+  .064 
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20 

28 

10 
17 
22 
30 

21 
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24 
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15 
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10(3 
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US 
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8  -,  <  'oronoz 
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19  f  ( 'orona      .  . 
B.  D.  +31    2873 
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84  //'  rcul  s 
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72  Ophiuchi .  .  .  . 
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37  7  Cygni 


58  v  (  //i/'"' 
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-.000 
+  .053 

+  .018. 

•  .031 
+  .033 
+  .084 


.025 
21 
10 
22 
32 


10 
28 
27 
24 

24 

10 
22 
28 


28 
10 
20 
24 
22 


24 
28 
29 
34 


21 
32 


Stars   131   to    160   bi    Frank  Schlesinger  and  Maim    Nail 


131 
132 
133 

134 

135 
136 

137 
138 
139 


Anonymous .  .  . 
<  H  5  17  (prec.) 
02  547  (fol.). 

Mean 

t  .1  i.ii rim  i  da 


anguli 

.".1    v  '  hionis  . 
B.  D.  +13°  1036 

71   On  in,  is 

k  A  uriga   


0 

0 

0 

0 

0 

0 

II   33 

2 

4 

5 

48 

5 

50 

6 

9 

6 

9 

+  45 

1  1 

+  45 

Hi 

+  45 

15 

-  28    1" 

+  34 

31 

+  20 

15 

+  13 

:,:, 

+  19 

11 

+  29 

32 

•    15    I  1 1  is 


+28  in:; 

+  34  3SI 

+  20  1  102 

+  13  11131'. 

+  19  1 2711 

+  29  1  154 


.so 

8.0  K5 

S.O    K5 

.so 

i.;.  G5 

.34 

3.1    A  5 

.10 

4.0   Is 

.21 

6.5  G5 

.48 

5.2    15 

.22 

4.4   KO 

.27 

|   099  ±.010 

+  .002  7 

+  .121  0 

■    id:;  5 

•  .033  6 


+  .000 
+  .000 
+  .083 
+  .034 
+  .010 


.023 
10 
23 


10 

IS 
20 
20 
21 
23 
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a  (1900)  |  8  (1900) 


140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 
151 
152 
153 

154 

155 
156 
157 
158 
159 

160 


56  AurigoR 

B.  D.  +21°  1596 
10  Ursoe  Majoris 

p  Leon  is 

B.  D.  +4°  3195 


41  Herculis  .  .  .  . 
B.  D.  +63°  1439 
B.  D.  +10°  3665 
B.  D.  +17°  3779 
'  Cygni 


o1  Cygni 

o-  Cygni 

B.  D.  +41°  3799 
B.  D.  +57°  2240 
B.  D.  +17   45 19 

B.  D.  +45°  3561 

p  Cygni 

B.  D.  +53°  2735 
B.  D.  +56°  2727 

/3  Pegasi 


X  Andromedce . 


6  40 

7  21 

8  54 

9  47 
16  26 

16  40 
18  34 
18  44 

18  52 

19  27 

20  10 
20  10 
20  29 

20  43 

21  7 

21  26 
21  30 

21  51 

22  8 

22  59 

23  33 


+  43  41 

+  21  44 

+  42  11 

+  26  29 

+  4  26 

+  6  17 

+  63  37 

+  10  39 

+  17  59 

+  51  31 

+  46  31 

+  46  26 

+  41  33 

+  57  13 

+  17  21 

+  45  27 

+  45  9 

+  53  28 

+  56  21 

+  27  32 

+  45  55 


Durchmuster-    Visual  Mug. 
ling  Number       and  Spec. 


+  43  1595 

+  21  1596 

+  42  1956 

+  26  2019 

+  4  3195 

+  6  3288 

+  63  1439 

+  10  3665 

+  17  3779 

+  51  2605 

+  46  2881 
+  46  2882 
+  41  3799 
+  57  2240 
+  17  4519 

+  45  3561 
+  44  3865 
+  53  2735 
+  56  2727 
+  27  4480 

+  45  4283 


5.3  F5 

6.4  F5 
4.1  F5 
4.1  K0 
7.3  F6 

6.7  G5 

8.1  05 
8.0  KO 
5.7  AO 
3.9  A2 

5.0  A2 

4.0  KO 

7.0  05 

4.6  GO 

7.3  F5 

7.9  GO 

4.2  KO 
6.9  F5 

5.4  F8 
2.6  Mb 

4.0  KO 


Total 
Proper- 
Motion 


0.16 
.31 

.50 
.23 

1.45 

.35 
.25 
.46 
.18 
.13 

.021 

.006 

.47 

.24 

.91 

.56 
.10 
.17 
.27 
.23 

.45 


Relative  Parallax 

and  Probable 

Error 


+  .072 
+  .035 
+  .067 
+  .020 
+  .029 

+  .028 
+  .023 
+  .045 

.000 
-.006 

-.011 
-.013 
+  .021 
+  .040 
+  .038 

+  .020 
-.017 
+  .009 
+  .022 

+  .018 

+  .044 


=  .007 


11 


Prob.  Error 

for  one 
Good  Plate 


.020 
22 
18 
23 

15 

20 
19 
25 
21 

18 

30 
25 

21 
14 
11 

29 
21 
18 
19 
26 

12 


Stars  161  to  185  by  Frank  Schlesinger  and  Harriet  Knudsen 


161 
162 
163 
164 


165 
166 

167 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 


x  Pegasi 

u  Pisa  inn 

■)  A  ndromedce  (prec) 
7  .4  ndromedae  (fol)  . 
Mean 


16  Perse  i 

o  Tauri 

40  Orion  is 

B.  D.  +5°  1168. 
8  Lyncis 


B.  D,  +21°  1528. 
18  Lyncis 

38  Lyncis 

35  Leon  is 

o  Virgmis 


8  Co nn in  Yen. .  .  . 
B.  D.  +10°  2637. 
£  Bootis 


0 

9 

1 

14 

1 

58 

1 

58 

2 

44 

3 

19 

5 

31 

6 

12 

6 

29 

7 

4 

7 

7 

9 

13 

10 

11 

12 

0 

12 

29 

14 

5 

14 

47  | 

+  19  39 

+  26  44 

+  41  51 

+  41  51 


+  37  54 

+   8  41 

+   9  14 
+   58 

+  61  34 

+  21  25 

+  59  49 


+  37 
+  24 
+   9 


+  41  54 
+  10  43 
+  19  31 


+  19 

27 

+  26 

220 

+  41 

395 

+  41 

395 

+  37 

646 

+  8 

511 

+  9 

898 

+  5 

1168 

+  61 

893 

+  21 

1528 

+  59 

1065 

+  37 

1965 

+  24 

2207 

+  9 

2583 

+  42 

2321 

+  10 

2637 

+  19 

2870 

4.9  Ma 

.10 

4.7  A2 

.029 

2.3  K0 

.07 

5.1  A0 

.07 

4.3  F0 

.22 

3.8  G5 

.10 

4.4  K0 

.32 

5.8  F8 

.28 

6.0  FO 

.019 

6.5  F8 

.51 

5.3  G5 

.27 

3.8  A0 

.13 

5.9  GO 

.21 

4.2  C5 

.22 

i.:;  ( 10 

.75 

7.9  CO 

.17 

4.6  K5 

.17 

+  .010 
+  .011 

-  .003 

-  .005 
-.004 

+  .017 
+  .001 
+  .034 
+  .046 
+  .023 

+  .022 
+  .031 
+  .026 
+  .038 

+  .034 

+  .109 
+  .023 

+  .147 


.006 

7 
10 

7 
6 


.019 
21 
31 
22 


26 
18 

22 
21 
24 

16 

18 
24 
19 
17 

16 
23 
19 
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Name 


Durchmuster- 
ung  Number 


Visual  Mag. 
and  Spec 

Total 

Prop  T- 
Miition 

5.0  A5 

0.27 

9.9   K5 

.96 

4.8  F0 

.17 

7.7  G5 

.54 

5.6  G5 

.29 

4.3  B8p 

.008 

5.0  K0 

.15 

5.2  F0 

.18 

Relative  Parallax 

and  Probable 

Error 


Prob,  Error 

for  one 
Good   Plate 


178 
179 

180 
181 
182 
183 

184 

185 


45  Bootis 

B.  D.  +25°  2874 


a  Serpentis 

B.  D.  +8°  3689 
B.  D.  +52°  2294. 

a  Cygni 

72  Cygni 


16  17 
18  21 
18  49 
21    13 

21   31 


16  Cephei 21   58 


0 

, 

+  25 

16 

+  25 

IS 

+    1 

Hi 

+   8 

44 

+  52 

51 

+  38 

59 

+  38 

5 

+  72  42 

+  25  2873 

+  2.".  2874 

+    1  3215 

+  8  3689 

+  52  2294 

+  38  4431 

+  37  4359 

+  72  1009 


+  .054    ±.006 
+  .061  10 


+  .026 
+  .026 
+  .043 
-.007 
+  .012 

+  .033 


.015 
19 

28 
21 
20 
24 
27 

21 


Stars  186  to  213  by  Frank  Schlesingee  and  Florence  Stocker 


186 
187 
188 
189 
190 

191 
192 
193 
194 
195 

196 

197 
198 
199 

200 
201 
202 
203 
204 

205 

206 
207 

208 

209 
210 
211 
212 


213 


13  Cassiopeia 
i)  ( 'assiopeia 

a  Cell 

X  Tauri 

f  Auriga 


l(i  Virginis 

Piazzi  243 

70  Virginis 

r  Bootis 

k  Bootis  (fainter)   . 

k  Bootis  (brighter) 

Mean 

X  Bootis 

d  Bootis 

/3  Serpentis 


Groombridge  2354 

i)  Herculis    

Lalande  31528.  .  . 

0  Dracott is 

v  Draconis  ( prec.) 

v  Draconis  (fol.)   . 

Mean 

Piazzi  368 

Groombridge  2527 
5  Draconis 


25  Aquilm 

Groombridge  2809  .  . 
L6  '  ygni  (brighter) 
16  Cygni  (fainter) 

Mean 


0  4 
0  43 

2  57 

3  55 


12  15 

12  56 

13  24 

13  43 

14  10 

14  10 


14  13 

14  22 

15  42 

16  27 

16  39 

17  15 

17  28 
17  30 

17  30 


k  Pegasi 


18  2 

18  8 

19  13 

19  13 
19  14 
19  39 
19  39 


+  58 

36 

+  57 

17 

+  3 

42 

+  12 

12 

+  40 

56 

+   3 

52 

+  18 

55 

+  14 

19 

+  17 

57 

+  52 

15 

+  52 

15 

+  16 

33 

+  52 

19 

+  15 

44 

+  48 

11 

+  39 

7 

+  9 

34 

+  52 

23 

+  55 

15 

+  55 

15 

+  8 

52 

+  54 

15 

+  67 

29 

+  11 

25 

+  46 

49 

+  50  18 
+  50  17 


+  58 
+  57 
+  3 
+  12 


3 
150 
419 

539 


21  40   +25  11   +24  4463 


+  40  1142 

+  4  2604 

+  19  2622 

+  14  2621 

+  18  2782 


+  52  1782 

+  46  1949 
+  52  1804 
+  15  2911 

+  48  2400 

+  39  3029 

+  9  3366 

+  52  2065 

+  55  1944 

+  55  1945 

+  8  3581 
+  54  1950 
+  67  1129 

+  11  3790 
+  46  2658 
+  50  2847 
+  50  2848 


2.4 

F5 

3.6 

F8 

2.8 

Ma 

rar. 

B3 

3.9 

K0 

5.1 

K0 

6.1 

GO 

5.2 

F0 

4.5 

F5 

6.6 

4.6 

A5 

4.3 

A0 

4.1 

F8 

3.7 

A2 

3.6 

K0 

3.0 

GO 

5.0 

A5 

5.0 

A5 

5.9 

G5 

3.2 

K0 

5.1 

A0 

6.0 

F0 

6.3 

6.4 
F0 

4.3  F5 


.56 
1.24 

.08 

.015 

.033 

.30 
.25 
.63 

.48 
.07 


.24 
.47 
.09 

.30 

.10 

.31 

.012 

.16 

.17 

.15 

.28 
.13 

.010 

.28 
.21 
.20 


+  .074 
+  .173 
-.001 
-.012 
-.003 

-.011 
+  .017 
+  .032 
+  .043 
+  .022 

+  .018 
+  .020 
+  .036 
+  .062 
+  .031 

-.004 
+  .053 
-.022 
+  .014 
+  .005 

+  .022 
+  .016 
+  .004 
+  .007 
+  .030 

+  .006 
+  .013 
+  .043 
+  .021 

+  .038 


.011 
6 


11 


±.026 

12 
12 
20 
16 

21 
17 
23 

in 
16 


.037   +.021 


25 

25 
18 

21 
26 
18 
24 
36 

28 


21 

18 
25 

14 
29 
16 

31 


20 
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No. 


a  (1900) 


8  (1900) 


Durchmuster- 
ung  Number 


Visual  Mag 
and  Spec. 


Total 
Pn  iper- 
Motion 


Relative  Parallax 

and  Probable 

Error 


Prob.  Error 

for  one 
Good  Plate 


Stars  214  to  236   my  Robert  Trxmpi.er 


214 
215 

217 
2 1 8 

21!) 
220 
221 
090 


223 
224 
225 

220 

227 
228 
220 
230 
231 

232 

233 

234 


235 
236 


4  Camelopardi 

36  Ursce  Majoris      .  . 

h  <■>■,    L658 
-   (  oma  /'•  renices 

4  40 
8  22 
10  24 
ID   27 
12  22 

12  51 

0  012 

L3  35 

/'  azzi  104 

B.  I).  -7    2692 

Mean 

13  42 
13  43 

14  28 

t  Bootis  (prec) 

e  Bootis  (fol.) 

Mej  n 

14  41 
14    11 

14  58 

15   11 

15   14 
L5  23 

15  42 

,',  <  'oi  ona  Borealis 

,,  ( 'orona  Borealis  .  .  . 
Groombridg<  3 loo 

Groombridge  3100  .  .  . 

(fol) 

Mean 

15  47. 
15  47 
20    11 
20   11 

21     3 

2 1      3 

Vie; 

+  50 

35 

+  61 

3 

+  56 

30 

+  40 

56 

+  28 

49 

+   3 

56 

+  11 

15 

+    0 

51 

+    6 

53 

+  30  40 

+  27 

30 

+  27 

30 

+  40 

47 

+  33 

41 

+   2 

0 

+  50 

10 

+    7 

40 

+  26 

22 

+  35 

58 

+  52 

49 

+  52 

49 

+  38 

15 

+  38 

15 

+56 

073 

+  61 

1054 

1450 

+  41 

2101 

+  29 

22ss 

+   4 

2600 

+  11 

25S0 

+    7 

20!  10 

+    7 

2692 

+  31 

2628 

+  27 

2417 

+  27 

2417 

+  40 

2S10 

+  33 

2501 

+   2 

2044 

f59 

1654 

+    7 

3023 

+  26 

2737 

+  36 

2052 

+  52 

2057 

+  38 

43t:: 

+  3S  4344 

5.4   A2 

0.10 

3.5  GO 

.17 

L.8    1  5 

.18 

4.8   F 

.14 

4.0,    K 

.12 

3.7   Ma 

.48 

5.5  A 

.11 

6.3   F5 

.50 

10.0 

.50 

3.8  K0 

.15 

5.1 

2.7   K0 

.05 

3.6  G5 

.06 

3.5   KO 

.16 

5.2   G 

.61 

3.5   KO 

.01 

4.4   G 

.24 

1.7   G5 

.11 

l.s   MO 

.36 

7.0   F5 

.IS 

9.1 

5.0 

5.20 

0.3 

5.14 

K5 

+  .008 
-.004 
-.0711 
+  .023 
-.003 

+  .013 
-.001 
+  .023 

-.020 
-.024 

-.031 
+  .014 
+  .006 
+  .009 
+  .013 

+  .026 
+  .030 
+  .020 

+  .081 
+  .00S 

+  .025 

-.0117 

+  .015 
+  .009 
+  .282 

+  .286 
(-.285 


.007 


.022 
19 
1!) 
10 
17 

17 
23 
17 
25 


24 
28 

99 


22 

22 
24 
25 
21 
22 

15 

27 

30 

20 

23 


Stars  237  to  285  i;v   Frank  Schlesinger.   Lois  Denton  and  Marie  Bender 


237 
23S 
230 
240 
241 

242 
243 
244 

245 


0  .1  ndromedoe 
omedce. 

/.<  A  ml  run, i  tin 

28  '  a  smjKiir 
»/  .1  ndromeda 


\  Pi,  1 1  a  in  .  .  , 
r  Piscium  (prec) 
;-  Piscium  (fol)  . 

Mean 

38  Cassiop<  m 


0  34 
42 

51 
51 
52 

1  0 
!) 

0 


+  30  19 
+  23  43 
+  37  57 
+  58  38 
+  22  53 

+  20  30 

+    73 

+    7     3 


+  30 
+  23 

+  37 
+  5S 


91 
100 
175 
138 


+  22  153 

+  20  172 

+    6  174 

+    6  175 


1   24        •  69    15         +09    102 


3.5  K2 

4.3  KO 

3.9  A2 

l.s  KO 

1.0  (15 

4.0  KO 

5.0  A 5 

6.5  F8 


0.0    F5 


.17 
.13 
.10 
.10 
.00 

.023 

.15 

.15 

.16 


+  .015 

±  .008 

±  .023 

+  .020 

8 

25 

+  .040 

9 

27 

+  .068 

6 

15 

+  .006 

5 

15 

+  .008 

5 

15 

+  .021 

12 

29 

+  .018 

7 

17 

\  .019 

+  .034 


21 
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15 


a  (1900 


S     1900 


Durchmuster- 
ung  Number 


Visual  Mag 
and  Spec 

Pr  ipei  - 
Motion 

3.7  G5 

0.034 

l.o   KO 

.038 

3.8   KO 

.13 

4.7   KO 

.HIS 

4.0   K5 

.032 

4.2  F8 

.35 

5.0   AH 

.08 

3.9   F5 

.008 

3.9   An 

.000 

7.0   F5 

4.6   KO 

.035 

(i.l   GO 

.33 

7.2  A3 

6.0  G5 

.33 

6.0  F8 

.84 

2.8  AO 

2.0  AO 

.11 

l.o   FO 

.12 

6.9  GO 

1.17 

5.8  G5 

.30 

5.2  F5 

.39 

4.8    KO 

.05 

6.1    KO 

.54 

3.3    KO 

.10 

5.5   KO 

.75 

4.0  FO 

.10 

5.2   FO 

.38 

5.6  G5 

.31 

6.0  FO 

.27 

2.8  KO 

.14 

3.8  AO 

.14 

6.2  GO 

.58 

5.4  FO 

.81 

6.0  F5 

.76 

6.5  F5 

6.7  GO 

.35 

5.9  F8 

.32 

3.5 

.029 

5.4 

.032 

Mb 

.'..7    KO 

.21 

Relal h  ■  Parallax 

and  Prob  ibl 

Error 


Prob   Error 

for  one 
( iood  Plate 


246 
247 

L'ls 
249 
250 

251 

252 
253 
254 
255 

256 
257 
258 
259 
260 

261 

202 

263 
264 

265 
266 
207 
26  8 
269 

270 
271 
272 
273 

274 

275 
270 
277 
278 
279 

280 
281 
282 
283 
284 


2S5 


i]  Piscium 
\  ( 'assiopi  ia 

v  Persei 

V   Pi  SCI  Hill 

65  .!  ndromeda 


0  Persi  ' 
(  .1  rietis 
v  Persei 
v  Tauri 

,i  ss:; 


-  .1  urigm 
Lalande  1 147! 

3  895      

6  Lyncis 
Piazzi  305 


a  i  in, inorum  (prec) 

1 1  i  ,     ■  i  , 

Mean     

o  Geminorum 

Lalande  15565 


14  Cancri 

18  I  'mien 

4  !  'rsce  Majoris 
55  ( 'ancri 

f  Ilt/iIra     


1 1  I. cuius  Minoris 
7s  I ' •  sa  Majoris 

59  Virginis 

24  Boohs     

Groon  h  idgt  2152 

a  Serpentis 

t  Serpentis 

39  Serpentis 

p  l  'orona  Borealis 
Lalande  20437 

2  2107 

Groornbridgt  2389 
Lalande  3100:. 
a  Herc'ulis  i  prec) 
a  //<  xulis  (fol) 

Mean 

(3  637  


1  26 
27 
32 
36 

2  10 

37 

3  9 
38 

58 

1  Hi 

5  42 
59 

6  13 
22 

57 

7  28 
28 


33 
54 

8  4 
14 
31 
47 
50 

9  30 

12  56 

13  12 
II  25 

15 

15  39 
46 
49 
57 

16  4 

is 
50 

17  0 
10 

10 


1 8  •"> 


0 

+  14 

50 

4  58    13 

1  is 

7 

+   4 

59 

+  40 

50 

+  4S 

IS 

+  20    tO 

+  42 

16 

+   5 

43 

+  10 

54 

+  39 

9 

+35 

24 

+  28 

29 

+  58 

14 

+  20 

30 

+  32 

6 

+  32 

6 

+  34 

49 

+  20 

3  1 

+  25 

49 

+  27 

33 

+  04 

40 

+  2S 

43 

+  6 

20 

+  30 

16 

+  50 

54 

+   9 

57 

+  50 

is 

+  3S 

13 

+  6 

II 

+   4 

47 

+  13 

31 

+  33 

37 

+   6 

40 

+  28 

50 

+  43 

0 

+  o 

51 

+  14 

30 

+  14 

30 

+   3 

6 

+  1 4  23 1 

+  58  260 

+  47  107 

+  4  293 

+  49  050 

+ IS  746 

+  20  527 

+  42  815 

+  5  581 

+  10  654 

+  39  1  lis 

+  35  1334 

+  28  1078 

+  58  932 

+  29  1441 


+  32  1581 

+  34  1649 

+  29  1664 

+25  1865 

+  27  1589 

+  04  698 

+  28  1660 

+  6  2000 

+  30  1070 

+  57  1408 

+  10  2531 

+  50  2084 

+  38  2503 

+  6  30SS 

+  4  3069 

+  13  3024 

+  33  2003 

+  0  3169 

+  28  2024 

+  43  2059 

+  0  3629 


+  1  I  3207 
+  3 3613 


-.015  ±.005 

+  .015 

f.029  10 

(-.050  7 

.000  6 


+  .071 
+  .012 
+  .01)1 
+  .000 
+.036 

+.009 

+  .043 
+  .001 
+  .014 
+  .053 

+  .054 
+  .OS5 
+  .070 
+  .028 
+  .042 

+  .031 
+  .000 
+  .013 
+  .00!) 
+  .024 

+  .117 
+  .020 
+  .070 
+.018 

+  .010 

+  .040 
+  .030 
+  .021 

+  .015 
+  .012 

+  .028 
+  .020 
+  .034 
-  .025 
-.009 

-.018 

+  .070 


.016 
15 

27 
18 
18 

20 
10 
18 

27 
16 

22 
29 
17 
23 
24 

25 

24 

24 
19 

25 

25 
31 

15 
22 

20 

28 


25 
19 
22 
20 

22 

28 
26 
15 
25 


20 


io 
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Stars  286  to  319,  by  F.   Henroteau 


For  this  scries  the  average   probable   error  is 
number  of  comparison  stars  is  3.5. 


".0085,   the  average  number  of  plates  is.  14.3.  and  the  average 


a  (1900) 


I     Durchmus- 
(1900)     I         terung 
Number 


Visual  Magn. 

and 

Spectrum 


Total 
Proper- 
Motion 


Relative  Parallax 

and 
Probable  Error 


286 
287 

288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 


a  Trianguli 

■)  P*  rsei 

Lulu ii,!i  (1772 

104  Tauri 

1  s  ( 'amelopardi 

Groombridge  990 

Piazzi  146 

Lalandt  10797 

6  Auriga 

Lalande  1(1933 

si  ( 'ancri 

8  Ursce  Majoris 

Lalande  18721 

20  Leonis  Minoris  .  .  .  . 

Groombridgt   1003 

37  Ursa  Majoris 

47  I  Vm(  Majoris 

Lalande  22908 

10  ( 'anum  V(  naticorum 

Lalande  23900 

Piazzi  200 

B.D.  +19°  2881 

Lalande  27922 

Groombridge  2273 

12  Ophiuchi 

35  Draconis 

B.D.  +8°  3692 

IJYwc  1064 

Lalande  39866 

56  <  'ygni 

Fedorenko  3638    

••  Pegasi    

o    I    i ■jiliri       

i  Cephei 


h 

m 

1 

47 

2 

58 

3 

37 

5 

2 

24 

30 

33 

39. 

5 

51 

s 

32 

9 

7 

26 

27 

55 

9 

58 

10 

29 

10 

54 

12 

8 

40 

12 

44 

13 

42 

14 

49 

15 

15 

15 

42 

16 

31 

17 

54 

18 

22 

18 

37 

20 

35 

17 

20 

52 

22 

1 

25 

22 

10 

+  29  6 
+  53  7 
+  42  18 
+  18  31 
+  57  9 
+  51  23 
+  53  20 
+  37  15 
+  54  17 
+  26  24 
+  15  24 
+  52  8 
+  27  26 
+  32  25 
+  38  30 
+  57  36 
+40  58 
+  11  24 
+  39  49 
+  25  23 
+  56  23 
+  19  33 


+  28 
+  52 
+  42 
+  18 
+  57 
+  51 
+  53 


312 
654 

812 
770 
889 
1094 
934 


-  » 
+  53 

IS 
18 

_  2 

7 

+  76 

59 

+  8 

34 

+  31 

28 

+  4 

37 

+  43 

41 

+  74 

23 

+  4 

34 

+  57 

54 

+  65  40 

+  37  1312 
+  54  970 
+  26  1816 
+  15  2003 
+  52  1401 
+  27  1775 
+  32  1964 
+  38  2090 
+  57  1277 
+  41  2147 
+  11  2439 
+40  2570 
+  25  2568 
+  56  1683 
+  19  2881 
-  8  3949 
+  53  1806 
-  1  3220 
+  76  667 
+  8  3692 
+  31  3330 
+  4  4510 
+  43  3739 
+  74  889 
+  4  4800 
+  57  2548 
+  65  1814 


3.6 

3.1 

7.4 

5.0 

6.5 

7.9 

0.4 

7.3 

3.9 

7.0 

6.4 

3.3 

7.1 

5.6 

6.8 

5.2 

5.1 

7.9 

6.0 

6.4 

6.4 

6.0 

7.9 

7.3 

5.9 

5.0 

8.5 

8.7 

8.4 

5.1 

7.8 

4.9 

Var 

3.7 


F5 

GO 

GO 
GO 
K0 
K0 
Ko 
K0 
G5 
GO 
F8 
KO 
F2 
F5 
F0 
F0 
G5 
F0 
F2 
FO 
KO 
F8 
G5 
FO 
F5 
G5 
K2 
K5 
A8 
6.5 
KO 
GO 
KO 


.23 

.012 
.42 
.54 
.25 
.56 
.51 
.71 
.15 
.24 
.57 
1.09 
.28 
.68 
.17 
.07 
.32 
.59 
.38 
.37 
.37 
.48 
.21 
.26 
.55 
.24 
.51 
.82 
.84 
.18 
.69 
.14 
.020 
.14 


+  .045 

+  .010 

+  .009 
+  .033 
+  .083 
+  .0S6 
+  .023 
+  .022 
+  .065 
+  .051 
+  .050 
+  .06,9 
+  .02? 
+  .029 
+  .075 
+  .023 
+  .05S 
+  .021 
+  .022 
+  .081 
-.010 
+  .010 
+  .0S3 
+  .033 
+  .037 
+  .028 
+  .045 
+  .029 
+  .037 
+  .010 
+  .006 
+  .027 


.001 


6 
8 
8 
6 

6 

6 

6 

9 

10 

8 

9 

9 

9 

10 

11 

10 

10 

5 

12 

8 

8 

9 

10 

9 

11 

12 

S 

11 

6 

9 

9 

6 


'The  spectrum  of  7  Persei  is  composite,  F5  and  A3. 
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ON    THE    REAL    MOTIONS   OF   THE    STARS    (Paper  2), 


Systematic  Corrections  to  Stellar  Parallaxes 
By    BENJAMIN    BOSS. 


In  Astronomical  Journal  No.  Tiiii  the  real  motions 
of  the  stars  were  treated,  solely  utilizing  those  stars 
whose  parallaxes  were  observed  by  Adams  and  Joy 
as  published  in  Ap.  ./..  Vol.  XLVI,  No.  5.  It  seemed 
desirable  to  extend  the  investigation,  including  all 
available  parallax  results. 

Some  method  had  to  be  devised  whereby  the  par- 
allaxes mighl  be  combined  in  as  nearly  a  uniform 
system  as  might  be  derived  from  a  treatment  of  the 
existing  data.  The  present  discussion  is  no  wise 
intended  to  furnish  definitive  results,  as  the  gradual 
accumulation  of  parallaxes  will  considerably  alter 
the  findings,  but  it  is  designed  to  furnish  the  means 
whereby  parallaxes  of  the  same  star  may  be  combined 
for  the  present  purpose  of  discussing  the  real  motions 
of  the  stars. 

The  results  of  the  first  approximation  to  a  system 
were  presented  at  the  Harvard  meeting  of  the  .1  merican 
Astronomical  Society  1918.  The  parallax  observers 
immediately  and  very  generously  offered  their  un- 
published data  for  inclusion  in  the  discussion.  Thus 
the  value  of  the  system  has  been  greatly  enhanced. 

The  following  corrections  for  the  mean  parallaxes 
of  comparison  stars  were  applied  to  the  listed  authori- 
ties to  reduce  to  absolute  parallax. 


Mount  \\  ilson  (Trig 

+  ' 

.002 

Sproul 

+ 

.004 

Russell 

+ 

.004 

Yerkes 

+ 

.004 

Mc(  lormick 

+ 

.004 

Allegheny 

-| 

.004 

The  results  of  the  preliminary  tests  will  not  be 
given  as  they  antedated  the  receipt  of  the  unpublished 
parallaxes  which  have  been  used  in  the  final  solutions, 
but  as  they  served  to  direct  the  method  of  attack  for 
the  final  stages  a  few  remarks  should  be  made. 


For  the  first  tests  three  independent  methods  were 
resorted  to  to  obtain  the  constant  correction  to  each 
authority.  The  first  depended  upon  the  residual 
corrections    obtained    by    forming    the    difference    Mi. 

Wilson  (Spectroscopic)    -  author.       For  (he  sec 1  lest 

an  arbitrary  system  of  weights  was  adopted  based  on 
the  published  probable  errors  of  individual  parallaxes. 


".000    - 

".010    =   7 

.011     - 

.015    =   6 

.016   - 

.020    =    :> 

.021    - 

.030    =   4 

.031    - 

.040    =    3 

.041    - 

.000    =    2 

.061    - 

=    1 

Employing  only  those  stars  where  three  or  mine 
authorities  had  determined  the  parallax,  means  by 
weight  wire  taken.  The  rule  was  observed  that  no 
stars  should  be  accepted  where  the  weight  of  any  one 
observer  exceeded  foui'  limes  the  combined  weights 
of  the  others. 

For  the  third  lest  it  was  assumed  that  the  probable 
error  assigned  to  each  parallax  by  the  author  rep- 
resented the  real  probable  error  of  the  determination, 
and  it  was  furl  her  assumed  that  the  weights  arc 
inversely  proportional  to  the  square  of  the  probable 
errors.  The  weight  corresponding  to  a  probable  error 
of  ±".010  was  adopti  d  as  the  unit  of  weight,  and  4.0 
was  placed  as  the  upper  limit.  While  it  was  recognized 
that  the  weight  of  the  spectroscopic  determinations 
of  parallaxes  at  Mt.  Wilson  varied  with  the  size  of  the 
parallax,  in  the  absence  of  any  definite  knowledge  of 
its  trend,  a   uniform  weight   of  0.9  was  assigned. 

The  constant  correction  to  each  observer  derived 
through    the    three    independent    methods    agreed    re- 

(17) 


is 
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markably  well,  indicating  thai  the  system  of  weighting 
would  effect  little  change  in  the  results. 

When    the    residuals    were    plotted    according    to 

right  ascension  of  the  stars,  it  became  manifest  that  a 
seasonal  term  would  not  account  for  the  systematic 
variation  in  some  cases,  so  a  term  depending  upon 
2a  was  introduced. 

It  was  also  evident  that  for  the  trigonometrical 
parallaxes  the  published  probable  errors  very  closely 
represent  the  true  probable  errors  as  obtained  by  the 
solution. 

Therefore  when  the  unpublished  parallaxes  became 
available  lor  treatment  a  first  approximation  to  a 
system   was  made  following  the  methods  of  the  third 


test,  with  a  few  alterations.  All  stars  for  which  two 
parallax  values  are  given  were  employed.  Tie 
troscopic  parallaxes  received  weight  1.0.  For  those 
authorities  supplying  a  sufficient  amount  of  material, 
hourly  means  by  weights  were  taken  to  detern  ine  the 
systematic  corrections  dependent  on  right  ascension. 
Weighted  conditional  equations  of  the  following  type 
were  then  foi  med. 


pK  +  pA  sin  a  +  pB  cos  a  +  p('  sin  2a  +  pi)  cos  2a  =  pr 

The  solution    of    the    normal    equations    is    given    in 
Table  I. 


Mt.  Wilson    Sp.) 
Mt.  Wilson  (Trig.) 
Ulegheny 
Lean.  Mc<  'or. 
Yerkes 
Sproul 
Chase    Yale) 


-0.0056 
-0.0087 
+  0.0051 
+  0.0010 
+o. i)o.-><; 
-0.0022 
+0.0075 


■0.0009 


Table  I 

ci  is  a 

-0.0016 


+  0.0004  +0.0002 


+  0.0015         +0.0031 


-0.0011 
+  (1.0(114 
+  0.0005 
-0.0078 
+  0.0004 


+  0.0028 
-0.0025 
+  0.0018 
+  0.0016 
-0.0048 


-0.0005 
+0.0027 
-0.0032 

+  0.0035 
-0.0046 
-0.0051 


The  last  two  columns  of  Table  I  give  the  probable 
error  of  a  single  parallax  derived  after  the  application 
of  the  systematic  correction,  and  the  probable  error 
i  bj  the  observer.  In  general  the  observed 
and  computed  values  agree.  It  must  be  noted  that 
the  small  probable  error  of  the  Mt.  Wilson  trigonom- 
etrical parallaxes  a."  derived  from  this  first  approxima- 
tion is  partly  due  to  the  small  weighl  assigned  to  the 
Mt.  Wilson  spectroscopic  parallaxes  for  these  stars. 
The  trigonometrical  series  is  mainly  composed  of 
stars  of  small  proper-motion  and  consequently  of 
small  parallax.  The  weight  of  the  spectroscopic 
parallaxes  for  these  -tar-  should  have  been  very 
materially  increased. 

The  residuals  of  the  Mt.  Wilson  spectroscopic 
parallaxes  were  next  examined  for  dependence  of 
probable  error  upon  the  size  of  the  parallax.  The 
first  group  of  is  small  parallaxes  contained  not  a 
single  plus  residual.  This  led  to  an  examination 
of  tie  mean  of  the  residuals  taken  with  regard  to 
sign    and    £  '.irding    to   the   size   of    the    par- 

allaxes.     Table  11   presents  the  results. 

The  corrections  shown  in  Table  II  are  due  to  the 
uniform  weight  given  to  the  spectroscopic  parallaxes 
in  the  first  approximation  and  were  not  used  when 
solving  for  the  second  approximation. 

Table  III  tabulates  the  curve  drawn  to  represent 
the  probable  error  of  a  single  parallax  depending  upon 


is 
19 
42 
39 
32 
31 
35 
32 
15 
10 


+  ".004 

+  .009 

+  .018 

+  .020 

+  .033 

+  .043 

+  .001 

+  .093 

4-  .163 

+  .281 


-0.0015 
+  0.0000 
-0.0023 
+  0.0068 
-0.0032 
+  0.0060 

Table 'II 

Mean  r  obs. 

-".0072 

-  .0038 

-  .0045 

+  .0027 

+  .0005 

+  .0031 

+  .0029 

-  .0002 
+  .0052 
+  .0055 


=  .0089 

.0030 
,0078 
.0088 
.0108 
.0126 
.0236 


obs.  ]i.  e. 

t.0059 
.0084 
.0090 
.0103 

.0101 

.0346 


Mean  i>  from  curve 

-".0071 

-  .0054 

-  .0028 

-  .0008 

+  .000(1 

+  .0017 

+  .0028 

+  .0038 

+  .01  US 

+  .005'.  I 


the  size  of  the  parallax,  and  the  weights  assigned  to 
tin-  Ml.  Wilson  spectroscopic  results  for  the  second 
approximation  to  a  system. 


Table 

111 

- 

p.  e. 

wt. 

* 

p.  e. 

wt. 

00 

±".0011 

4.0 

".06 

±".0101 

1.0 

01 

.0036 

4.0 

.07 

.0100 

0.9 

02 

.0057 

3.1 

.OS 

.01  1  1 

.8 

03 

.no::; 

1.9 

.00 

.0110 

.75 

04 

.0085 

1.4 

.10 

.0120 

.00 

05 

.0093 

1.2 

.15 

.0140 

.51 
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p.i 


- 

>.  e. 

V,  t 

- 

p.  e. 

wt. 

.20 

±' 

'.0157 

.41 

".Hi 

±".0215 

.22 

.'_'.-» 

.0172 

.34 

.45 

.0229 

.19 

.30 

.0187 

.29 

.50 

.0243 

.17 

.35 

.(I2D1 

.25 

The  dependence  of  the  probable  error  upon  the 
number  of  plates  taken  in  the  determination  of  a 
parallax  was  then  tested. 


p.  e. 

=  ".0073 

.0074 
.0000 
.0091 

.OIKS',  i 


It  would  seem  from  the  table  thai  there  is  no  sain 
in  accuracy  through  the  employment  of  numerous 
plates. 

The  next  test  considered  classification  of  residuals 
according  to  spectral  sequence  from  .1/  giants  to  M 
dwarf. 


1 

8 

2 

54 

3 

L45 

4 

33 

5+ 

28 

Mil 
Kg 
Gg 
Fg 
Fd 
Gd 
Kd 
Md 


16 
40 
41 
18 
64 
32 
45 
13 


Me 

in  of  5 

+  ' 

'.0008 

+ 

.0030 

+ 

.0040 

- 

.0018 

- 

.0046 

- 

.0002 

- 

.0012 

— 

.0020 

p.  e. 

".0077 
.0086 
.0000 
.0003 
.0082 
.0074 
.0075 

:       .0178 


The  two  strongest  determinations  of  the  mean  of 
the  residuals  for  the  giant  stars  yield  a  decided  positive 
value,  while  the  three  dwarf  determinations  yield  a 
negative  value.  Though  the  evidence  pointed  toward 
a  term  dependent  upon  spectral  type  it  was  not  intro- 
duced when  solving  for  the  sec. md  approximation. 

The  parallaxes  of  the  Dearborn  Observatory  yielded 
only  fourteen  stars  for  comparison  with  other  authori- 
ties, and  because  some  of  the  residuals  are  unduly 
large  no  systematic  correction  is  attempted  at  the 
present  stage. 

Table  I  furnishes  the  systematic  corrections  for 
seven  observers.  The  terms  dependent  upon  right 
ascension  were  determined  tn  serve  as  a  basis  nf  com- 
parison   for    the    results    obtained    from    the    second 


approximation.      Before  solving  for  the  second  approx- 

imati lly    the    constant     term    was    applied    to    the 

absolute  parallaxes.  For  those  observers  whose  con- 
stant term  is  not  contained  in  Table  1.  terms  were 
assigm  d  based  upnii  the  previous  lists.  The  com- 
parison between  i  he  cm;  pined  and  observed  prol 

errors   of   Table    1    were    used   to    form    a    set    of    tailors 

bj    winch  the  weights  should  be  multiplied.     For  the 

second  approximation  the  following  corrections  and 
weight   factors  were  used     - 


T  v  i ;  i .  i . 

IV 

Authority 

( 

(in-. 

w  i    factoi 

.Ml.  Wilson  (' 

•ng) 

-' 

.000 

1.0 

Allegheny 

+ 

.005 

1.1 

I  i  an.  McCor. 

+ 

.001 

1.0 

Yerkes 

+ 

.000 

0.05 

Sproul 

- 

.002 

O.S 

Yah-  i  Chase) 

+ 

.008 

1.5 

^  ale  (Smith) 

- 

.012 

0.33 

Russell 

.000 

0.71 

Washburn  I 

.000 

0,10 

Washburn  11 

- 

.001) 

0.57 

Jos1 

- 

.01' 1 

1.5 

Peter 

- 

.004 

1.1 

Others 

,000 

0.5 

Table  I  indicates  a  greater  weight  factor  than  1.0 
lor  the  Mt.  Wilson  trigonometrical  parallaxes,  but, 
as  was  pointed  out,  the  computed  probable  error  was 
undoubtedly  too  low.  Even  with  weight  factor  1.0 
the  majority  of  this  series  of  observations  received  the 
maximum  of  weight  allowed.  |  1.0). 

The  second  approximation  was  carried  through 
precisely  as  was  the  first,  alter  applying  the  correc- 
tions, and  weights  or  weight  factors  of  Tallies  III 
and  IV.  The  resulting  systematic  corrections  rep- 
resented by  Table  Y  include  the  constant  term  applied 
before  solving. 

The  probable  errors  of  the  terms  in  a  and  2a  are, 
in  the  mean,  about  one-half  the  size  of  the  coefficients 
of  the  terms,  for  those  authorities  whose  weight  is 
considerable.  While  a  greater  degree  of  refinement  is 
desirable  the  evidence  indicates  the  possible  existence 
of  such  terms  in  the  parallax  determinations.  The 
trend  of  the  coefficients  follows  that  found  in  the 
first  approximation;  though  individual  coefficients 
have  in  some  instances  been  considerably  altered. 

The  accompanying  diagrams  represent   the  observed  ■ 
hourly    means    and    I  tie    computed    curve    as    derived 
from    the    second    approximation.     As    there    is    no 
apparent    reason    why    the    Alt.    Wilson    spectroscopic 
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Table  V 


Author 

K 

sin  a 

COS  (I 

mii  2a 

cos  2a 

- 1 1 1  3a 

cos  3  a 

Mt.  Wilson  (Sp. ' 

-  0.0054*   .". 

-0.0009*   0 

124  ==   7 

+0.0006*   7 

+0.0015*    7 

Mt.  Wilson    Trig 

-0.0094*   8 

+0.0030==  11 

+0.0057*12 

-0.0009*  11 

-0.0039*11 

Allegheny 

+0.0034*   0 

-0.0011  *  8 

+0.00ls±   9 

+0.00111===   8 

-0.0019*   9 

Mc<  !ormick 

+0.0008*    8 

- 11  ===  10 

- 128*12 

-0.0029*  11 

-0.0020*11 

Yerkes 

+0.0068="=  14 

35*17 

+0.0025*19 

+0.0014  ===  in 

+0.0038  =-  1 8 

Sproul 

0.0038*15 

-0.0070*16 

-0.0004*22 

-0.0050*  in 

-0.0039*22 

Yale  (Chase 

+0.0050*18 

-0.0014*28 

-0.0001*24 

-0.0082*25 

+0.0026*26 

-Ulltll! 

0.0023*39 

+0.0087*56 

-0.0107*51 

-0.0200*59 

-0.0012*53 

Russell 

+0.0109*35 

+0.0084*52 

-0.0048*45 

+  0.0192*57 

+0.0070*40 

„ 

„ 

Washburn  I 

+o.oio-'  =  73 

+0.0114*82 

-0.0056==  104 

-0.0188*87 

-0.0048*94 

-0.0194*107 

-0.0290*82 

Washburn  II 

-0.0010*43 

-0.0049  ±55 

+0.0115*64 

-0.0087*59 

+0.0139*00 

Jost 

-0.0180 

Peter 

-0.0010 

Tin'  probable  errors  are  expressed  in  units  of  the  fourth  decimal  place. 


parallaxes  should  li 


O  Weakest  weights  of  authority. 

mi\   seasonal  term,  t  lie  i]r\  i:i  I  ii  hi 

of  the  computed  curve  from  a  straight  line  may  be 
taken  as  tin  indication  of  (lie  reliability  of  the  system. 
There  is  only  one  region  in  which  the  curve  deviates 
appreciably  from  a  straight  line,  namely  in  the  region 

around     L3h    of    righl    aseeiision.      This    is    mainly    doe 


'■'  Si  rongesl   \\  i  igl 

In    the    el'leet 
allaxes   in   this 
ducing  the  systematii 
t  rigonomel  rical  curve, 
curve. 


of   authority. 

the   Mt.   Wilson  trigonometrical   par- 

gion.     A  third  approximation,  intro- 

corrections  of  the   Mt.   Wilson 

would  undoubtedly  flatten  the 
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Table  VI  —  Systematic  Corrections  to   Parallaxes 


Yerkes 

Alleg. 

Mc 

!orm. 

Mt.  W. 

Sproul 

Ml  W. 

(Sp.) 

Russell 

ifal 

t  '1, 

rale 
(Smith) 

Wash.  1 

Wash.  II 

tl 
0 

+  .0131 

+  .0033 

_ 

)055 

-.0076 

_ 

008 1 

-  .0063 

+  .0131 

+  .0075 

Ill  is 

)262 

+  .0190 

1 

+  141 

+ 

40 

- 

62 

lis 

- 

119 

-   04 

f  232 

+   27 

- 

10  1 

- 

371 

+ 

11  1 

2 

+  138 

+ 

49 

- 

58 

51 

- 

139 

66 

+  310 

10 

- 

239 

- 

2  1(1 

+ 

2 

3 

+  124 

+ 

55 

- 

12 

-   38 

- 

111 

71 

f  326 

13 

- 

237 

+ 

11 

- 

99 

4 

+  104 

+ 

57 

- 

19 

-   23 

- 

1  25 

70 

+  288 

H, 

- 

178 

+ 

355 

- 

192 

5 

+   82 

+ 

52 

+ 

8 

16 

- 

'.IS 

79 

f  192 

-   28 

- 

5  1 

+ 

517 

- 

210 

0 

+   65 

+ 

41 

+ 

34 

19 

- 

69 

78 

+  123 

+   10 

+ 

51 

+ 

ISS 

- 

252 

7 

+   56 

+ 

26 

+ 

51 

-   36 

- 

17 

73 

+   46 

+   54 

+ 

ISO 

+ 

325 

- 

2  IS 

8 

+   55 

+ 

10 

+ 

58 

64 

- 

31 

,63 

+    4 

+   90 

+ 

270 

+ 

155 

- 

150 

9 

+   61 

- 

3 

+ 

54 

-   100 

- 

35 

50 

+   10 

+  123 

+ 

317 

+ 

87 

- 

89 

10 

+   65 

- 

11 

+ 

40 

137 

- 

46 

30 

+   62 

+  128 

+ 

295 

+ 

182 

- 

10 

11 

+   79 

- 

11 

+ 

20 

169 

- 

01 

-   24 

+  134 

+  HI 

+ 

10  1 

+ 

335 

- 

28 

12 

+   81 

- 

3 

0 

19(1 

- 

73 

16 

+  '227 

+   77 

+ 

98 

+ 

13(1 

- 

40 

13 

+   74 

+ 

11 

- 

14 

197 

- 

75 

-   13 

+  300 

+   37 

- 

30 

+ 

363 

— 

90 

14 

+   00 

+ 

29 

- 

21 

189 

- 

03 

16 

+  310 

0 

- 

111 

+ 

132 

- 

148 

15 

+   40 

+ 

45 

- 

18 

1(19 

- 

37 

25 

+  276 

-   21 

- 

209 

- 

1 53 

- 

203 

16 

+   19 

+ 

58 

- 

8 

-  142 

- 

1 

-   37 

+  192 

—   22 

- 

220 

- 

307 

- 

222 

17 

+    2 

+ 

64 

+ 

4 

115 

+ 

38 

50 

+   76 

0 

- 

170 

- 

357 

- 

210 

18 

4 

+ 

64 

+ 

13 

-   92 

+ 

70 

01 

-   45 

+   38 

- 

120 

- 

12S 

- 

154 

19 

+    2 

+ 

52 

+ 

18 

—   77 

: 

SO 

68 

1 42 

+   82 

- 

IS 

+ 

211 

- 

62 

20 

+   20 

+ 

46 

+ 

14 

-   70 

+ 

S3 

72 

-  188 

+  120 

+ 

12 

+ 

4S1 

+ 

40 

21 

+   48 

+ 

38 

0 

-   71 

+ 

59 

-   71 

170 

+  141 

+ 

37 

+ 

553 

+ 

135 

22 

+   80 

+ 

31 

- 

19 

74 

+ 

IS 

-   69 

106 

+  140 

+ 

17 

+ 

358 

+ 

204 

23 

+  109 

+ 

'  30 

- 

39 

-   78 

- 

32 

65 

+   14 

+  117 

- 

62 

+ 

33 

+ 

228 

24 

+  .0131 

+  .0033 

—  _ 

0055 

-.0076 

- 

0081 

-  .0063 

+  .0131 

i  .(in;:, 

-• 

0118 

-• 

1202 

+  .0190 

JOST 

Peter 


•".018 
■    .001 


For  those  who  prefer  to  ignore  the  terms  in  a  and 
i  the  following  constant  corrections  are  tabulated. 


Mt.  Wilson  (Sp.) 

Mi.  \\  ilson  (Trig.) 

Allegheny 

Met  lormick 

Yerkes 

Sproul 

Yale  i  (  'liasel 

Yale  (Smith) 

Russell 

Washburn  I 

Washburn  II 

Josl 

Peter 


Table  VI  furnishes  the  corrections  to  the  observed 
parallaxes  as  computed  from  the  formulae  of  Table  V. 


— ' 

'.0057 

- 

.0093 

+ 

.0030 

+ 

.0014 

+ 

.0058 

- 

.0023 

+ 

.(IO05 

- 

.0064 

+ 

.(II  is 

+ 

.0090 

- 

.0066 

- 

.0180 

- 

.0010 

Yerkes 


Allegheny 


Table  VII 

Obs.  p.e 

±".0064 

.0102 

.0150 


( 'imi|i.  ]i.  e. 

±".0081 

.0110 

.0130 


22 
20 
23 


All 


Met  'onniek 


All 


All 


±".0106 

± ' 

'.0107 

65 

±".0050 

±' 

'.0045 

38 

.0070 

.0063 

31 

.0080 

.0084 

35 

.0090 

.0109 

2S 

.0111 

.0094 

37 

±".0081 

± ' 

'.0078 

169 

±".0002 

± ' 

'.007(1 

26 

.0080 

.0087 

27 

.0096 

.0093 

43 

.(II  19 

.0126 

26 

±".000(1 


".0094 
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Mt.  Wilson  (Trie;. 


Sproul 


Russell 


All 


All 


All 


Yale  (l  !hase) 


All 


Yale  (Smith  ) 


All 


Washburn  I 


All 


Washburn  II 


All 


.lust 

Peter 


.0034 
.0055 

.0089 


'.0306 


.0314 

.0115 


.0027 
.0046 
.0066 


=  ".0352 


=  ".0104 

:".0062 


*' 

'.0059 

-' 

.Oil  If, 

55 

±' 

'.0067 

± ' 

'.0007 

20 

.1)1112 

.0146 

20 

.0138 

.0165 

23 

*' 

'.0104 

*' 

'.0128 

63 

±' 

'.0138 

± ' 

'.0324 

16 

.0322 

.0270 

19 

*' 

'.0238 

± ' 

'.0298 

35 

±' 

'.0191 

± ' 

'.0170 

37 

.0288 

.0200 

30 

.(•100 

.0237 

34 

.0492 

.0368 

35 

it ' 

'.0342 

± ' 

'.0248 

136 

±' 

'.0139 

±' 

'.0226 

27 

.0250 

.0354 

33 

*' 

'.0200 

=•=' 

'.0207 

60 

±' 

'.0300 

± ' 

'.0314 

20 

.0450 

.0589 

29 

.0622 

.0697 

20 

± ' 

'.0452 

± ' 

'.0527 

84 

± ' 

'.0239 

±  ' 

'.0286 

28 

.0298 

.0357 

29 

.0370 

.0403 

:::; 

90 


30 

11 


Table  Yll  presents  the  probable  errors  derived  from 
the  solution.  Under  the  heading  Obs.  p.  e.  are  given 
the  means  of  the  probable  errors  as  published  by  the 
author.  These  were  grouped  according  to  the  size 
of  the  probable  error  and  compared  with  the  con  put*  d 
results.  It  is  evident  that  for  the  strongei  authorities 
the  observed  and  computed  probable  errors  arc  very 
nearly  alike.  The  Alt.  Wilson  trigonometrical  par- 
allaxes appear  to  have  a  considerably  smaller  computed 
error  than  that  assigned  to  the  observations,  hut 
this  is  largely  due  to  the  fact  that  they  are.  in  the 
main,  solely  compared  with  the  Mt.  Wilson  spectro- 
scopic parallaxes  in  forming  the  present  system,  and 
as  the  latter  were  largely  based  on  the  former  in 
forming  the  spectroscopic  system  for  small  proper- 
motion  stars,  it  is  natural  that  the  agreemenl  betwei  □ 
the  two  should  greatly  reduce  the  probable  error 
computed  for  tin  Mt.  Wilson  trigonometrical  par- 
allaxes. It  has  therefore  been  assumed  that  the  real 
probable  errors  for  this  authority  are  represented  by 
the  observed  probable  errors.  It  was  likewise  assumed 
that  for  Yerkes,  Allegheny  and  McCormick  the  pub- 
lished probable  errors  are  the  true  probable  errors. 

The  computed  probable  errors  for  Sproul  indicate 
a  slightly  large]-  value  than  that  assigned  to  tin  obser- 
vations. It  seemed  advisable,  therefore,  to  reduce 
the  weight. 

The  Russell  parallaxes  indicated  no  change  in  the 
size  of  the  computed  probable  error  with  increase  in 
the  observed  probable  error  anil  therefore  a  uniform 
weight  has  been  assigned  to  all. 

The  computed  probable  errors  for  the  Yale  parallaxes 
determined  by  Chase  are  very  much  smaller 
than  those  assigned  by  Chase,  especially  for  the 
larger  observed  probable  errors.  In  weighting  the 
Chase  parallaxes  it  has.  therefore,  been  assumed  that 
the  observed  probable  errors  represent  the  true  prob- 


Table  VIII  —  Table  of  Weights 


— 

r 

o 

X 

o 
o 

o 
o 
o 

o 
o 

s 

c 

o 

— 
o 

o 

© 

— 

5 

C5 

c 

IN 

O 

s 

o 

o 

o 

s 

o 
o 

It 

« 

■H 

41 

■H 

-H 

41 

41 

-tt 

41 

41 

41 

+1 

-H 

+1 

H 

41 

41 

41 

41 

•H 

41 

•i 

Yerkes 

1  ii 

in 

2.8 

2.0 

1.6 

1.2 

1.0 

0.83 

0.69 

0.59 

0.51 

0.44 

0.39 

i).:;.-, 

0.31 

0.28 

0.25 

0.16 

Allegheny 

0 

Id 

2.8 

2.0 

1.6 

1.2 

1  n 

0.83 

0.69 

0.59 

0.51 

Mc<  lormick 

Mt.  Wilson  (Trig.) 

Sproul 

1  ii 
i  ii 
1.0 

1  n 
1  li 
2.7 

2.8 
2.8 
1.9 

2.0 
2.0 

1.1 

1  6 
1.6 
1.0 

1.2 
1.2 
0.83 

1.0 
1.0 

0     ! 

us:; 
i     . 

0  69 

ii  i  9 

11   !i, 

0.59 
0  59 
0.39 

0.51 
0.51 
0.34 

n  It 
nil 
0.30 

0.39 
0.26 

0.23 

0.21 

0.18 

Rui  sell 

0.11 

ii  l  i 

(i  It 

i)  1  1 

ii  1  1 

hi  i 

ul  1 

0.11 

ll.ll 

0.11 

0.11 

ii  1  1 

ii  11 

0.11 

0.11 

0.11 

(Ml 

0.11 

0.11 

0.11 

■)  ale    i  !i.i  '■ 

1 II 

1  ii 

2.8 

2.0 

1.6 

1  2 

1.0 

us:; 

0.1'.) 

0.59 

0.51 

II  !  1 

0.39 

0.31 

0.28 

0.25 

0.23 

0.21 

0.12 

11(17 

0.05 

0.04 

Yale  (Sn  ith 

ii  11 

0.38 

0.32 

0.27 

0.24 

n  2 1 

0.18 

0.16 

0.14 

0.13 

(i.ll 

0.07 

0.05 

0.03 

\\  ashburn  I 

0.08 

0.05 

0.03 

0.02 

0.01 

\\  ashburn  1 1 

).26 

0.24 

0.21 

0.19 

0.12 

0.08 

0.05 

0.03 

Peter 

III 

1  n 

2.8 

2.0 

1  6 

1.2 

1.0 

1.83 

1.69 

1.59 

i)  II 

(.39 

0.35 

0.31 

0.28 

0.25 

0.16 

Jost 

0.31 

0.2S 

0.25 

0.16 

0.11 

0.06    0.04 
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able  errors  to  ±".020.  From  this  point  on  a  con- 
siderably heavier  weighting  was  adopted  than  that 
indicated  by  the  observed  probable  error.  For  tin- 
Yale  parallaxes  observed  by  Smith  the  weighting 
indicated  by  the  observed  probable  errors  was  reduct  d 
about  one-halt. 

The  weights  of  the  two  series  of  Washburn  were 
reduced  by  the  amount  indicated  by  the  comparison 
ii   i  bserved  with  computed  probable  errors. 

The  adopted  weights  an-  to  he  found  in  Table  VIII. 

Tin'  weights  of  the  Mt.  Wilson  spectroscopic  par- 
allaxes were  determined  by  grouping  the  residuals 
from  the  second  approximation  according  to  the  size 
of  the  observed  parallaxes.  It  was  firsl  noted  that 
there  was  no  systematic  tendency  of  the  mean  of  the 
residuals  taken  according  to  sign,  sueh  as  was  mani- 
fested in  the  first  approximation,  clearly  indicating 
that  the  previous  result  was  due  entirely  to  the  faulty 
weighting.  Table  IX  shows  the  computed  values 
of  the  probable  errors. 


Table  IX 

No.  *  * 

r. 

p.  o.         No.  *  *  * 

-.             p.  e. 

41 

'.0103 

±".0037         28 

'.0648     ±".0142 

25 

.0214 

.0051          31 

.0021            .0104 

29 

.0305 

.0003          19 

.1337            .0159 

29 

.0409 

.0070          17 

.214               .0200 

31 

.0495 

.0070 

The  observe! 

results  were  plotted 

with  the  parallax 

H 

±"030  — 

*"025^ 

*°020^ 

• 

*"0/5^ 

/ 

*"0l0-_ 

X 

±"005^ 

y 

"000— 

IT  , 


|  I  I  II  I  I  ■'!  I  I  |  I  I  I  I  1  I  II  I  |  I  I  1  I  I  I •  I  I  I  |  I  I 


w 


01 


"02 


as  the  abscissa,  and  the  probable  error  as  the  ordinate. 
The  accompanying  diagram  represents  the  computed 
probable  errors  and  the  line  represented  by  the  formula 

p.  e.  =   ±(".0031  +  ".0833x) 

This  leads  to  the  following  table  of  weights,  the 
maximum  weight  assigned  being  4.0  corresponding 
to  a  probable  error  of  <  ".005,  though  the  indicated 
weight  at  parallax  ".00  is  10.4,  and  thai  at  parallax 
".til  i  quals  6.2. 

Table   \ 

Mt.  Wilson  (Spec.)  Wts. 


00 

4.0 

".11 

.61 

".21 

.21 

01 

4.0 

.12 

.53 

.22 

.20 

02 

4.0 

.13 

.47 

.23 

.IS 

03 

3.0 

.14 

.42 

.24 

.17 

04 

2.3 

.15 

.38 

.25 

.10 

05 

1.8 

.10 

.34 

.30 

.11 

06 

1.4 

.17 

.31 

.35 

.09 

07 

1.2 

.18 

.28 

.40 

.07 

os 

1.0 

.19 

.25 

,15 

.00 

09 

.S3 

.20 

.23 

.50 

.05 

to 

.71 

No.  plates 

Mean  - 

1 

".077 

2 

.01!) 

3 

.005 

>3 

.000 

The   illation    between   the   probable   error   and   the 
number  of  plates  taken  is  illustrated  in  Table  XI. 

Table  XI 


]).  i'.  No.**'  ]).c.  from  forn  ula 

".0005  0               ±".0099 

.0071  51               ±    .007  1 

.0003  137              ±    .0088 

.0100  51               ±    .0110 


The  last  column  gives  the  probable  errors  cor- 
responding to  I  he  mean  parallaxes  of  tin  -mm  1  column 
to  afford  a  Oasis  of  comparison  compensating  for  the 
varying  size  of  mean  parallax.  It  is  evident  that  the 
emplovn  <  nl  of  more  than  one  plate  docs  not  increase 
the  accuracy  of  the  derived  parallax.  This  is  im- 
portant as  it  greatly  reduces  the  necessary  amount  of 
labor.  Two  plates,  the  one  to  serve  as  ;i  check,  will 
suffice  for  spectroscopic  parallax  work.  For  a  less 
powerful  instrument  than  the  60-inch  reflector  of  the 
Mt.  Wilson  Observatory  it  might  be  advisable  to  test 

the  dependence  of  the  size  of  the  probable  errors  upon 
the  number  of  plates  taken. 
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Finally  the  Mt.  Wilson  spectroscopic  parallaxes 
were  tested  for  the  effect  of  gianl  and  dwarf  classifica- 
tion. Table  XII  shows  the  results.  The  residuals 
from  the  second  approximation  were  grouped  in  their 
respectivi    classes,  and  means  by  weight  taken. 

Table   XII 


( iiants 


Dwarfs 


Mean  of  i    sid 

i\  pe 

\l     ti  ol  rcsid. 

p.  0. 

".0018 

-".0030 

.1/ 

-".0040 

±=".0036 

.noli) 

-    .0006 

K 

+    .0020 

.0015 

.0010 

-    .0003 

<; 

+    .0025 

.0017 

.0018 

-    .0032 

F 

+   .0006 

.0014 

While  there  seems  to  lie  a  grouping  of  minus  cor- 
rections for  the  giants,  and  plus  for  the  dwarfs,  they 
are  opposite  in  sign  from  those  obtained  from  the 
first  approximation,  and.  judging  by  the  probable  errors 
of  the  means,  may  be  entirely  fictitious.  It  is  certain 
that   the  correction  would  he  small. 

The  results  obtained  in  this  treatmenl  of  the  par- 
allaxes will  he  used  in  the  succeeding  articles  dealing 
with  the  luminosities  and  real  motions  of  the  stars. 

I  wish  to  express  my  grateful  and  hearty  appre- 
ciation   to    Messrs.    SCHLESINGER,     MITCHELL,     Flii  IS  I  . 

and  Miller  for  their  generous  cooperation.  The 
additional  unpublished  parallaxes  which  they  trans- 
mitted have  more  than  doubled  the  weight  of  the 
system. 

My  thanks  are  due  to  Mr.  RAYMOND  who  carried 
out  the  laborious  steps  of  the  last  approximation. 

Summary 

1.  An  attempt  has  been  made  to  harmonize  the 
ol  iserved  parallaxes. 

2.  The  evidence  brought  forth  indicates  the  possible 
existence  of  ti  uns  in  a  and  2a  in  all  parallax  observa- 
tions with  the  exception  of  those  determined  spec- 
t  roscopically. 

:;.  Where  the  modern  photographic  methods  of 
parallax  observal ions  bav§  lien  adopted,  the  probable 
errors  assigned  by  the  observers  represent  the  true 
probable  error-  of  the  parallaxes.  For  systems  an- 
tedating the  more  modem  methods  various  con- 
ventions have  to  be  made. 

4.  The  probable  error  of  the  Mt.  Wilson  spec- 
troscopic   parallaxes    reaches    its    minimum    value    of 


=±=".0031  at  zero  parallax  and  increases  according 
to  the  formula  p.  e.  =  =±=(".0031  +".0833tt).  There- 
fore, for  the  great  majority  of  the  stars,  the  spectro- 
scopic method  will  yield  more  accurate  data  than 
those  obtained  by  other  known  methods. 

It  is  to  be  noted,  however,  that  for  stars  whose  mean 
parallax  is  ".0034  the  probable  error  is  of  the  sami 
order  as  the  parallax.  According  to  Kaptkyn 
(Groningen  Publications,  No.  29)  this  mean  parallax 
corresponds  to  a  star  of  1(1  magnitude  visual.  The 
Mt.  Wilson  spectroscopic  results  would  therefore 
seem  to  be  incapable  of  furnishing  reliable  data  on 
mean  parallactic  motions  for  stars  much  fainter  than 
10  magnitude. 

5.  The  accumulation  of  plates  for  the  determinai  ion 
of  spectroscopic  parallaxes  at  Mt.  Wilson  would  seem 
unnecessary  as  the  probable  error  of  a  parallax  stems 
to  be  independent  of  the  number  of  plates  utilized,  a 
fact  which  points  to  inaccuracies  in  the  system  as 
being  mainly  responsible  for  the  errors  found.  In 
comparison,  the  accidental  errors  of  plate  measure- 
ment must   be  small. 

6.  While  a  certain  systematic  tendency  is  evidenced 
by  the  mean  residuals  of  the  spectroscopic  parallaxes, 
grouped  according  to  spectral  sequence  from  .1/  gaint 
to  .1/  dwarf,  the  probable  error  of  the  determination 
is  sufficient  to  cast  considerable  doubt  upon  its  reality. 
It  is  certain  that  the  Mt.  Wilson  system  is  very  closely 
adjusted  among  the  spectral  classes. 

List  of  Parallax  Series  fob  Which  Systematic  Correi 
Could  Be  Determined 
Ap.  ./.   ;<  .  313    Dec    L917 
A.J.  723  (1917).     A.J.  Too  (1919). 
Pub.  Alleg.  Obs.  IV,  1.     A.J.  765  (1920)  and 
manuscript 

XXV,  23    L917)  and  manuscript. 
Pub.    Yerkes   Obs.    I\ ,    1    (1917).     A.J.   752 

( 1919)  and  manuscript. 
Spinulosis.  Pub.  IV  (1918)  and  manuscript. 


Mt.  Wilson  (Sp.) 
Mt.  Wilson  (Trig 
Allegheny 

Leander  Mc<  lormic 

>  ei  I  es 


Sproul 
Vale    I  lhase)    > 
(Smith)    \ 
Russell 
\\  ashburn  I 
Washburn  II 
Jost 


Trans.  Asl.  Obs.  Voir.     II.  387.     (1912) 

.(„/.  618-9  (1910). 

Pub.  II  ashburn  Ob     \l     1902 

.1.  ./.c>:;  I     L9 

//,  „/,,'/,,  ,    r   1  ■■      H        1906 

Math.  Phys.  '  'lassi  d.  k-s'dchs. 

d    11  isi      XXII         239  (1895 

XXIV        179(1898 

XXVII      591  (1902 

XXX         171  (1908) 
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MEASURES   OF   100   DOUBLE   STARS, 

MADE  WITH    I'm:  23-INCH    REFRACTOR  OF  THE  LEANDER  MCCORMICK   OBI 

I'.v    CHAS.   I'.  OLIVIER. 


The  presenl  paper  forms  a  continuation  of  the 
serii  s  by  the  writer  which  have  appeared  from  1 
time  since  L906.  As  in  the  other  recent  papers,  the 
measures  arc  largely  made  up  of  the  di  i 
Aitken  and  Jonckheere,  there  being  25  of  the  for- 
mer and  36  of  the  latter.  Of  the  Espin  pairs  14 
were  also   measured. 

The  right  ascensions  ami  declinations  of  the  stars 
arc  given  for  1920.  When  possible  these  co-ordinates 
and  the  designations  were  taken  from  Jonckheere's 
"Catalogue  of  Double  Stars,"  otherwise  from  Burn- 
ham's  "General  Catalogue."  When  from  the  former 
the   catalo]  i    is   bracketed   |     |,   when  from 

the  latter  unbracketed.  No  changes  of  methods  in 
the  observing  have  been  introduced.  Powers  of  330, 
560,  600,  850,  1 100  and  1500  were  employed.  Probably 
power  Otto  was  used  most.  The  majority  of  the 
measures  were  made  when  the  seeing  was  good.  The 
magnitudes  given  are  estimates  made  at   the  telescope. 

It  has  been  the  writer's  policy  in  this  paper,  and  will 


continue  to  he  for  some  time,  to  measure  as  manj   of 

the  Joni  i.iii:i  RE  pairs  as  possible.  Attention  is  also 
particularly  paid  to  all  objects  of  interest  south  of  the 
equator,  as  the-         n  in  need  of  a 

in-!    .     <)fi  he    101)  doul  les  in  thi  25    ha 

southi  rii    di  ehnal  ion.     As    to  16    are    1 

than  1"  in  separation,  and  36  b  I  en  I"  and  2". 
All  except   Sirius  are  under  5". 

Following  (he  list  of  measures  i    a   tal  li    containing 

new  doubles  found  by  the  Writer.  Of  these  OL  66  I" 
<>i     77    inclusive    were    found    oil    plates    taken    In 

determination  of  stellar  parallax':-.  Only  the  final 
results  of  these  are  given  as  the  details  form  pail  of 
an  cxtensiv  tap  on  doubles  measured  on  photo- 
graphic plates,  now  in  pies.-.  The  pairs  ( >i.  78  m 
(In  85  inclusive  were  found  al  the  telescope,  but  as 
only  two  of  them  have  been  measured  on  more  than 
one  night  merely  the  approximate  results  arc  given 
here    for    the    others. 


J   633 

[70]     9.6  — 

11.9 

A  445  A- 

-B1182     9 

-11.2 

Ol  9 

[418]     9.3  - 

-  10.7 

II. A.  01'  25 

"  48s     Deck 

+  4°  19' 

R.A.   2''  12' 

'  24s     Beck 

- :,  3.8' 

1,'. A.   21'  39 

-  :».v     Deck 

-  1°  50' 

1917.713 

317.6 

2. oil 

1910.908 

185.8 

1.97 

1917.713 

333.1 

2.50 

1917.880 

312.6 

2.75 

1917.880 

is:.. '.I 

2.18 

1917.880 
1919.917 

228.0 
330.8 

2.07 

1917.796 

315.1 

2.62 

1917.394 

is.Vs 

2.08 

2.57 

A  — C 

1918.503 

330.6 

2.61 

h  3447     836 

L916.908 

134.9 

68.35 

R.A.   lh32' 

25s     Deck 

-30°  19' 

J  711 

[729]     9.8 

-  10.2 

1916.821 

98.2 

L.62 

A  659 

12892     An 

.  0.1 

1916.908 

98.4 

lb  A.  2h  24" 

23s      Deck 

+40°  53' 

R.A.  4''  49 

'"37s        Deck 

-3°  10' 

1916.864 

98.3 

1.62 

1916.861 

89.6 

(I.S7 

1917.858 

171. 7x 

2.03 

Much  chan 

ge  in  distance,  some  in 

1919.917 

89.0 

0.90 

1919.917 
1918.888 

109.9 
170.8 

2.90 

angle. 

1918.389 

89.3 

0.88 

2.76 

(25) 
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.1   712     [733]     9.0  —'.1.7 
i;.A.   l"  :»()•"  54s     Decl.   -3°  10' 
1917.858  168.7  2.19 


1919.917 


166.7 


2.21 


1918.888 


L6< 


2.(1(1 


.1   325     1830]     9.3  —  11.3 

R.A.  5h  14'"  23s     Decl.    -9    11' 

1916.919  180.9  1.68 

1916.921  182.2  2.03 

1916.052  174.3  1.97 

1919.917  17s. '.i  1.98 


1917.702 


179.1 


1.92 


i  m.  56     9.8  —  10.9 
i;.  A.   :>h  21'"      Deri.    -0"  40' 

1917.844  116.2  2.39 

Idl!). sms  106.5  2.32 

1920.081  108.5  2.30 


1919.274 


110.4 


2.34 


J  714     |957]     9.5  —  10.5 

R.A.  5'  39m  7       D  cl.    -  1    56' 

1917.844  128.6  3.35 

1919.898  135.0  3.51 

917  128.9  3.42 


1919.220 


130.8 


3.43 


.!   336  AC     11107]  Am.  0.0 

R.  \.  c.1  :;'■'  ()-     Decl.  +10°  16' 

148.8  2.7  1 

L44.9  2.52 


1919.898 
1919.925 


1919.912 


146.8 


2.63 


.1   964     [1108]     9.3  10.0 

R.A.  61'  :'>'"  6       Decl.  +1)   58' 

1919.898            286.6  1.93 

1919.925             2ss.l  1.89 


1919.912 


287.4 


1.91 


.1   71(1     |113<>]     9.7 
R.A.  d"  s"  37      Decl.   +1  1    19' 
1917.855  70.0  2.46 


1017. 070 
1918.184 


76.9 
73.5 


2.40 
2.42 


1918.003 


73.5 


2. 13 


us     359(5 

R.A.  6h  42'-  11-     Decl.  -16   39' 

1017.07)2               73.7  10,17 

1017.711                71.2  10.27 

1017.sn               71.6  11.26 


1917.7)4(1 

1918.175 
1918.184 
1918.214 


71.9 

71.4 
70.:. 


10.07 

10.00 
10.04 
11.03 


1918.191 


1020. (ISO 
1020.113 


'1.3 


67.4 
66.8 


10. so 


10. so 
10.42 


1020.101 


07.1 


10.61 


.1   702     |1495]     9.1  —  10.5 

R.A.  7h  7v"  30s     Decl.   +5  34' 

1917.072  270.0  2.72 

1017.107.  268.4  3.17 

1919.898  269.7  2.69 


1918.025 


209.4 


2.83 


Roe  25     [1523]     9.3  —  10.3 
R.A.  7h  10'"  52      Decl.    +12   29' 

1010. sos  7.1  2.85 


1010.02.". 
1020. OS  1 


1.6 

7.0 


3.00 

2.02 


1919.968 


2.02 


.1   42     11521]     Am.  0.2 

R.A.  7h  II"1  1-     Decl.    4-8   2' 
77.1  2.17 


1010. SOS 
1010.027. 
1010.012 


80.2 


2.21 


2.19 


.1    13     11500]     10.0—  10.2 

R.A.  7h  19'"  :i2      Decl.   +  s   25' 

loio. sos  65.5  3.33 

1010.027.  0,7.0 

1920.081  07.1  3.40 


1919.968 


00.0 


3.36 


.1    1065     11(5011     Am.  0.1 

R.  \.   71'  27111  9      Decl.       3    32' 


1019.071 
1020.0S1 


331.1 
336.0 


2.7.0 

2.1s 


1020.020 


333.6 


2.7.1 


J  370     [1605]     Am.  0.1 
R.A.  7''  27'"  12-     Decl.    -5   59' 

1010.071  07.0  2.37 

1020.0S1  65.8  2.36 


1920.026 


66.8 


2.36 


(  II  78     9.8  —  10.5 


R.A.  7I'39"'     Decl.   +11°  14' 
1 01  s.  17)0  278.4  1.20 

1 01 S. 27,2  277.4  1.03 


1918.204 


277.0 


1.12 


Ol  59  9.8—  11.0 

R.A.  7h44'-  Decl.    4-11°  16' 

1017.070  17.4  2.40 

1010. sos  16.2  2.61 


1918.934 


10.8 


2.54 


Van  3     [1839]     8.6  —  8.8 

R.A.   8h  10'"  24-      Deri.    +8    9' 

1917.855  91.0  2.19 

1918.156  91.0  2.22 


1918.006 


91.3 


2.20 


.1   77     |1S72]     9.0  —  9.2 
R.A.  9!i  0-  l.V     Decl.   +10   49' 

1917. s.Vl  139.8  

1917.909  139.3  1.02 

1918.156  130.7  1.15 


1917.09.'-! 


139.6 


1.0S 


.1    121      |1880]     8.9  —  9.3 

R.A.  9h  7-  36=     Decl.  +0   32' 

1918.227  136.0  1.18 

1918.256  136.8  1.18 


1918.240 


136.4 


1.18 


A   2774      [1889]      0.2  —  9.7 

R.A.  9"  11"  .V     Decl.   +6°  21' 

1918.227  20.1  o.os 

1918.252  24.3  0.93 


1918.242 


25.2 


0.90 


A    1701      |19121     8.9—  10.7, 
R.A.  01'  19-  27,      Decl.    -0    10' 
1917.220  212.3  1.30 

1017.070  207.0  1.40 

1918.156  20S.0  1.32 


1917. 784 


209.1 


1.36 
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A   1587 

[1917|     9.2 

-  11 

Hi     1 25  1 

|1998|     9.2 

9.1 

,j  601 

5796     8.5 

8.9 

R.A.  9"  21' 

19      Decl. 

8    Hi' 

R.A.    L0h  L0' 

:.  1      Decl. 

-}  12    17' 

R.A.    U1'  25 

-21       Decl. 

-  L6   5  1' 

1918.227 

I1) is  252 

1(14.3 
100.8 
102.6 

0.79 
0.73 
0.76 

19  IS. 214 
19  IS. 227 
L918.220 

38.9 
36.7 

0.71 
0.67 

1915.010 
1919. 29S 

213.5 

2]  1.7 

0.93 

0.93 

37.8 

0.70 

1918.240 

1917.109 

212.0 

0.93 

..;  591 
R.A.  91'  25- 
1916.921 

5114     A  in. 

34»       Deri. 

2S.2 
29.4 
33.] 

0.6 
-2°  16' 

0.85 

0.75 
0  03 

J    1126 
R.A.    10"  13 
1918.214 

19  is 

1200;? |    9.1 

■  2s     Decl. 
310.0 
308.1 

9  l 
4-  1 2   3  1 ' 
2. (is 
2.23 

.1   S7     [2 
R.A.    Llh  36 

1918.227 
L918.372 
L918.300 

L33]     8.2 

-51-     Decl. 

137. 3 
136.2 
136.8 

10.9 

+  5    21' 

1.69 
1.5  1 
1.62 

L918.227 
1918.252 

[918.233 

309.0 

2.16 

1917.850               30.2 
.1   746     [1970|     9.2 

0.74 

10,1 

.!   7  17     |2025|     9.5 
R.A.    L01'  25'"  0-      Decl. 
1919.971               249.4 

10.5 
-2   57' 
3.12 

.;   157 
R.A.    LI1'  57 

6002     Am. 
-20      Decl. 

3.5 
21    5' 

R.A.  9h  50' 

:,(!      Decl. 

7    34' 

1920. (Us 

249.3 

3.1  1 

1915.010 

85.8 

1.25 

1918.227 

285.1 
287.7 

2.25 
1.99 

1920.110 

250.1 

3.41 

1919.265 
1919.298 

ss.s 
85. 1 

1.01 

L918.252 

1920.010 

2  10.6 

3.21 

1.16 

L919.265 

286.0 

2.15 

1917. SOS 

86.7 

1.15 

1918.581 

286.3 

2.13 

.)   79     [2016]     8.5 

R.A.   10h  35"'  17      Decl. 

9.3 

-f-7    51' 

0   920 

6091     7.2  - 

8.2 

.1    126 

[1971]     9.1 

9.3 

L919.969 

L43.4 

1.72 

R.A.   12"  11' 

'40-     Decl. 

22   54' 

R.A.  9h52 

"(i-     Decl. 

212.0 
212.4 

4-3    51' 

3.24 
3.21 

1918.214 

1918.227 

144.4 

147.0 

1.71 
1.66 

1915.0  12 
1919.298 

207.0 
272.0 

0.97 
I.OI 

19  IS.  l/o 

1 'Ms.  252 

1918.137 

144.9 

1.70 

1917.170 

270.0 

0.99 

1 'UN. 214 

2  1  2  2 

3.22 

A   2771 

[2057]     9.1 

—  9.2 

Confirms  mot 

ion. 

A  2564 

[1986]     9.2 

9.1 

R.A.   10M0 
L918.214 

"  :;o       Decl. 
25.  s 

I  5   55' 
0.7S 

0   600 

6165     Am 

1.5 

R.A.  10h4 

°>3S     Decl. 

27(1.6 

•  8   26' 
0.64 

1919.265 

26.6 

0.77 

R.A.   12h  21 
1915.042 

-  55-     Decl. 

93.0 

1  1   30' 

1918.214 

1918.740 

26.2 

0.78 

1.1  1 

1918.252 

269.1 

0.63 

A  277:; 

[2009[     Am.    1.5 

1917.266 
1919.298 

98.1 
96.8 

1.22 

1918.233 

269.8 

0.64 

0.97 

R.A.    101'  is 

"26-        Decl 

+  5°  26' 

1917.202 

96.2 

1.10 

A  2764 

[1996]     Am.  0.0 

1919.971 

25.2 

1.18 

R.A.   10h  8 
1918.214 

'  59       Decl 
362.0 

+  5°  53' 
1.57 

1920.110 

25.3 

L.20 

.1    1022 
R.A.   12h  24 

[2190]     9.9 

■"29s     Decl. 

10.4 

1920.040 

25.2 

1.19 

-1   1    58' 

1918.227 
L918.152 
1919.265 

361.5 
359.1 
362. 1 

1.30 
1.39 

,)    1011 
R.A.   II1'  8' 

1919.971 
1920.048 

[2097]     Air 

1  43-     Decl. 

69.6 

69.0 

.  0.2 

+  5    20' 
2.94 
2.83 

191 S. 227 
1918.351 
191S.M72 
1919.227 
1918.544 

.1    i:;i 

222.4 
219.9 
223.5 
224.1 
222.5 

[2191]     9.4 

2.25 
2.51 
2.44 

1918.490 

361.2 

[1997]     9.0 
■"  43*     Decl 

1.42 

-  10.1 
+0°34' 

2.47 

A   2566 
R.A.    I0h  1< 

1919.010 

13  26 

69.3 
5766     Am. 

2.88 
2.2 

9.8 

1917.31)2 

S2.s 

1.51 

R.A.    II1'  19 

"44-      Decl 

-9  59' 

R.A.    L2"  2 

5'"  27s     Decl 

.   -0°36' 

1918.156 

85.6 

1.65 

1919.971 

67.2 

2.79 

1919.298 

272.1 

2. 1  1 

1918.227 

80.6 
83.0 

1.50 
1.55 

1920.110 

66.6 

2.73 

1919.303 
1919.300 

270.3 
271.2 

2.38 

1917.795 

1920.040 

66.9 

2.76 

2.41 
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A  2780 

[2193)     9.4 

—  9.5 

.1    133 

[ 

2220]     9.2  - 

-9.7 

E  309 

2271|     0.2 

-  10.0 

R.A.    12h  2i 

-  2-     Devi. 

-6°  27' 

R.A.    12" 

55 

'29-       Deri. 

-0°  15' 

R.A.    13M0 

15      Decl. 

+  31°  58' 

1919.227 

2]  1.(1 

0.07 

1918.351 

155.S 

3.70 

1910.254 

132.0 

l.so 

1010.205 

203.4 

205. (i 

0.05 

1910.205 
1910.200 

154.1 
154.2 

3.3S 
3.23 

1919.298 

135.7 

2.01 

1919.298 

1919.276 

133.8 

1.90 

1919.303 

201.0 

1919.298 

156.9 

3.50 

1919.273 

200.  s 

0.66 

1010.01  1 

155.2 

3.45 

j3  935a     WHS     (i 

—  7 

R.A.   13h  41 

"'ill       Decl 

.    -12°  1' 

A   17s: 

2225]     9.0 

10.  1 

1015.287 

296.9 

1.55 

A.G.   17s 

.  0.2 

R.A.    131 

r 

45-     Decl. 

+  o  30' 

1019.303 

298.9 

1.72 

R.A.    12h  2' 

""'  o-     Decl. 

+  2:  33' 

1918.351 

126.8a; 

1.72 

1017.205 

297.9 

1.64 

1918.351 

202.4 

1.33 

1010.200 

126.1 

1.82 

1920.110 

287.4 

1.40 

1919.265 

125.3a; 

1.89 

A   2402 

[2279]     10 

-  10.2 

1919.230 

289  9 

1.36 

1918.050 

126.1 

LSI 

R.A.   1311  13 
1918.227 

"  42        Decl 
213.9 

+  1°44' 
0.68 

A   1599 

12197]     9.5 

-  0.5 

.1    134 

[2229]     Am 

0.2 

1910.227 

208.3 

0.60 

1919.298 

200.8 

0.61 

R.A.    I2h  2' 

•'"50      Dec) 

+  4°  20' 

R.A.   13h 

4" 

24-     Decl. 

-0   26' 

1918.917 

200.7 

0.63 

1918.227 

154.4 

0.39 

1910.071 

327.0 

3.48 

1918.971 

149.6 

0.41 

1920.110 

324.0 

3.34 

J   750 

2303]     9.3 

—  9.8 

1918.599 

152.0 

0.40 

1920.040 

325.8 

3.41 

R.A.    14'1  S" 
1919.254 

36s     Decl. 
93.9 

+  26°  52' 
1.96 

A    1603 

122091     An. 

3± 

A   25s 

i 

[2215]     s.o 

-     0.0 

1020.110 

02.2 

2.01 

R.A.    12h  39™  55-     Dec! 

+  4°  22' 

R.A.   13h 
1918.227 

1  1 

10"       Decl. 

233.9 

+  0   56' 
0.89 

1010.082 

93.0 

1.98 

1919.971 

1  12.0 

1.62 

1918.351 

285.0 

0.81 

.1    1122 

23211     o.s 

-  10.2 

1920.110 

141.0 

1.40 

1010.227 

229.4 

0.75 

R.A.    I  l:  30™1 

1.    +6°  1' 

l.ir. 

1920.040 

141.8 

1.54 

1018.602 

233.1 

0.82 

1918.227 

271.5 

1918.372 

270.8 

1.64 

.1    132 

[2211]     Am. 

0.4 

.1   436 
R.A.   I3h 

[ 
23 

2250|     9.2  - 

'45-       Decl. 

-  0.7 
4-0°  12' 

1018.300 

271.2 

1.54 

R.A.    L21'    11 

1  17       Decl. 

+  4-  58' 

1018.450 

344.0.r 

2.36 

1010.260 

277. s 

1.50 

mis. 227 

266.0 

1.00 

1010.200 

342.5 

2.61 

1010.205 

277.4 

i.:;:; 

1918.372 

265.6 

0.S5 

1919.265 

338.6 

2.26 

1019.298 

275.3 

1.50 

1919.227 

202.S 

0.98 

1918.992 

341.7 

2.41 

1010.274 

270.8 

1.40 

1918.608 

264.8 

0.0  1 

S    17 

57 

0530     Am 

0.0 

E  311 

[2331]     0 

-  10 

E  730     [ 

2213|     9.0  - 

-  11.7 

R.A.    131 

3C 

"'  14-     Decl 

4-0   0' 

R.A.    141'  51 

'"  3'     Decl. 

4-34°  40' 

R.A.    12h45- 

'  30'     Decl. 

-L-  5  1 ;  2 1 ' 

1918.351 
1919.303 

Sl.'.l, 

82.3 

3.11 

2.75 

1010.254 

287.1 

3.96 

1919.254 

62.3 

3.18 

1920.110 

84.7 

2.76 

1920.110 

291.4 

4.01 

1 91  H.298 

66.9 

3.14 

1919.682 

289.2 

3.98 

1919.255 

84.0 

2.94 

1919.276 

64.6 

3.16 

E  211   =  A 

130  1. 

A   2  101 

|2273|     9  - 

-  11 

E    139 

|2211|     s.s 

-  0.4 

R.  \.    L3h 

38 

°  lo      Dec] 

+  2°  50' 

E  774 

|2351|     9.2 

—  9.3 

R.A.    12'   17 

:;i        Decl. 

+  27°  40' 

1918.227 

124.8 

0.00 

R.A.   15h 5 

•»  Is     Decl. 

+  51°  14' 

L919.254 

01.0 

2.15 

1010.227 

119.3 

1010.254 

52.0 

3.46 

1919.298 

0  1.1 

2.10 

1919.298 

123.0 

0.07 

1920.110 
1919.682 

49.8 
50.9 

3.29 

1919.276 

0  1.1 

2.12 

1918.917 

122.4 

0.64 

3.38 
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E  625 

2368]     9.3 

9.9 

E  000 

2151]     9.4 

-9.6 

In     1 287 

[25121     9.1 

9.3 

R.A.   15h  IS' 

21-     Decl. 

+  41    36' 

R.A.    L6h  13' 

59      Decl. 

!  .Ml    20' 

R.A.    17'    12 

2       Del. 

■    17,    5  1' 

191S.Hs 

[243.6a:]  ? 

1.89 

1918.450 

236.8 

2.10 

1010.260 

7:;.:; 

2.05 

1919.227 

255. 1 

l.so 

L919.227 

237.5 

2.73 

1010. -JOS 

71.7 

2.15 

L919.265 

251.9 

1.9S 

L918  838 

237.2 

2.61 

1910 

71  0 

2.10 

L918 

1.01 

Firsl     anj  1 

seems     wrongly     re- 

E   1089 

[21521     9.2 

0.2 

.1    753 

2519|     0.2 

0.5 

corded   by   10 

R.A.    16''  1  1 

"17-      I  -  1 

IS   7' 

R.A.    17''  44' 

Decl. 

15    is' 

A    1(132 

[2371]     9.0 
'38s     Dec] 

—  9.4 

+  46    25' 

L918.450 
1919.227 

i      ■ 
321.4 

2.02 
2.52 

L919 

10  '.(.298 
1919 

275.5 

1.91 
1.96 

R.A.    151'  22' 

1918.838 

321.0 

2.57 

1.94 

L918.448 
265 

19.2 

55.0 

LSI 
1.59 

Distance   incres 

L920.1  in 

53.0 

1.79 

Ol  85 

S—  12 

L919.274 

52.4 

1.73 

Hr    12  7  S 

[2155]     9.2 

9.3 

R.A.   17M 

5'"      Dccl.    +21    51' 

A  2231 

[23SS]     9  - 

55      Decl 

26.0 

-  12.5 
+  Q:  15' 

1.00 

R.  \.    10''  48 
1019.260 

30- 
3  10.0 

-f  15  i  r 

1.31 

1.37 

1919. 
1919.298 

2: ',2.  1 
233.4 

2.88 
3.09 

R.A.    I5h  41 

L919.279 

232.9 

2.98 

191(1.171 

1010.2  1  1 

346.6 

1.34 

1919.303 
1917.888 

E  742 
R.A.   l.v  14' 

1918.4  18 
1920.110 
1919.279 

24.1 
25.0 

[2392]     Am 
'52'     Decl. 

262.2 
261.8 
262.0 

1.86 
1.73 

.    0.1 
]-53    52' 
3.15 
3.25 
3.20 

!          nee  incn  asing? 

A   1868     [21581     An 
R.A.    16h  50™  23      Decl. 
1  01 S.  15(1 
1920.110             303.5 

.   0.2 
1  lo   53' 

1.0  1 
1.91 

.1    754 
R.A.    171'  45 

1010.200 
1919.298 
1919.279 

J    1220 

2550]     o.o 
•1!      Decl. 

51  2 
55. 1 
53.2 

[25931     9.0 

0.1 
1  2  1    5:i' 

1.70 

1.S5 

1.7s 

1919.280 

301. (, 

1.92 

9.3 

1  2021 
R.A.    I6h  9" 

1912.548 

7551     Am 
37-     Decl. 

337.3 

335.5 

.  0.1 

+  13c  45' 
1.10 
3.77 
3.61 

E   072 
R.A.   10h  53 

1918.450 

1920.110 

21631     9.7 
'  3.r     Decl. 

103.5 

100. s 

-  10.2 

+  51     is' 

2.13 
2.31 

R.A.    is1'  1" 

1919.260 
L919.298 

101' 

52      Decl. 

128.8 
121.7 
129.1 

+  12G-12' 

1.5:; 
I.U 
1.59 

1917. 0S0 

L919.287 

126.5 

1.59 

1920.110 

1919.230 

1(12.2 

2.22 

1916.579 

336.0 

3.86 

Hi-   1279 

[2468]     9.4  —  10.0 

2   22S9 

8398     An 

.   0.0 

A  2083 

[2415]     9.2 

9.3 

R.A.   16h56 

-3-     Dccl. 

+  13°  25' 

R.A.   is'-  6" 

34       Del. 

+  16°  27' 

R.A.   Id'1  11 

1919.227 
1919.298 

"  5        Decl. 

320.3 
323.4x 

+  16°  13' 
0.90 
0.89 

1918.450 

1010.227 
1010.260 

155.0 
158.1 

I5S.0 

1.10 
L.87 
1.77 

1919.260 
1919.303 
1919.282 

225.5 
223.S 

22  1.0 

1.2  1 
1.28 
1.26 

1919.262 

324.8 

0.90 

1918.979 

157.0 

1.71 

1  2199     8118 

E  632 

2439]     0.5  - 

-  10.2 

.1  452     [2496]     9.4- 

-  10.5 

R.A.    is1'  14 

'  58s     Decl. 

+  55    is' 

R.A.   16h38' 

10      Decl. 

+50°  22' 

R.A.   17h  17 

'  10s      Del. 

+  15°  28' 

1914.458 

83.0 

L.80 

L918.450 

103.8 

2.19 

1919.227 

298.5 

2.49 

L916.678 

81.8 

1 .55 

1919.227 

105.7 
104.8 

2.15 
2.17 

1919.260 

296.8 

2.61 

1920.110 
1917.082 

81.0 
81.9 

1.69 

1918.838 

1919.244 

297.6 

2.55 

1.68 
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Perhine     SUM)     8.9  —  9.8 
R.A.    18    L6     I       Decl.    +11   0' 
1919.227  3.0  2.95 


L919.303 


4.2 


3.12 


1919.255 


3.04 


.1   752     [2631]     9.3  -  10.4 
R.A.    W  2]     32      Decl.   4-16    i  f 
1919.260  276.0  3.01 


L919.303 


2.86 


L919.282 


2.  M4 


J   1174     [2843]     9.5  —9.9 

R.A.   19h  11:"  37!     Decl.    4-  I 

1917.781  300.1  2.H7 

1919.500  298.2  3.04 


1  9  IS.  (140 


299.2 


3.00 


A    h Ms 

[2896]      9.1 

—  9.2 

R.A.    I'.t    23 

-24-     Decl. 

4-15    56' 

1917.715 

4.9 

0.99 

1919.500 

3.9a; 

1.03 

191N.60S 

4.4 

1.01 

A  2295 

13772;     9.4 

-  11.8 

R.A.  22h  11-  1-     Deri. 

+2C  10' 

1916.682 

69.6 

1.35 

1916.721 

76.6 

1 . 1 3 

1917.877 

77.4 

1.08 

1917.093 

74.5 

1.19 

E   1189 

[3868]     9.8 

-  10.0 

R.A.  23h  23 

■42      Decl. 

4-50°  12' 

1917.893 

137.0 

1.45 

1919.917 

136.6 

1.49 

1918.905 

I3H.S 

1.17 

A   1480     [38721     9.1  —9.9 

R.A.  23h  24'"  4s-     Decl.    +54°  58' 

1917.893  256.2  0.63 

1919.917  259.3  0.81 


L918.905 


257.8 


0.72 


E   1124     [39151     9.2  —  9.3 
R.A.  2+  46m  17'     Decl.    4-50    Is' 
1917.  246.5  2.81 


1919.91' 


217.2 


2.62 


L918.905 


246.8 


E   1476     [3919]     9.8  —  10.0 
R.A.  2:;h  17'"  45s      Decl.    +12   38' 
1917.893  64.1  1.53 


62.4 


L918.905 


63. 


1.42 


1.48 


Star 

R.A. 

Decl. 

P.  A. 

s 

Magn.' 

Star 

R.  A 

D  cl. 

P.  A 

A 

Maun. 

(  )l  66 

h       m       s 

6   15    17 

2    is 

109.1 

3.16 

9.5 

9.8 

Ol  76 

b 

21 

26  20 

—  22  24 

340  ± 

2.5  ± 

9.5  10 

Ol  67 

li   is   10 

4-22    L2 

37.7 

4.95 

9.5 

10 

Ol  77 

23 

59  23 

■  :;i  08 

255.6 

2.60 

'.(      11 

Ol  68 

7  48     1 

-  1 3  54 

121.7 

3.04 

11 

12 

Ol  78 

7 

39 

+  11    14 

277.9 

1.12 

9.8   10.5 

( )i.  69 

s   12  38 

-    1  1   35 

320.3 

2.63 

9 

11 

Ol  7'.! 

7 

26 

-    1   59 

204 

1.9 

9.5   10.3 

Ol  70 

14  30  49 

-  1  1    42 

109.2 

3.11 

9.8 

11.5 

Ol  80 

18 

52 

-19  55 

140 

3.2 

9.5  11.5 

Ol  71 

19  42   15 

+  18  20 

168.8 

i.:;i 

9.5 

9.6 

Ol  81 

18 

57 

-13  20 

330 

2 

1(1       12 

Ol  72 

19  43   11 

|   is  27 

9.9 

1.3] 

9.5 

9.5 

(  II  82 

19 

30 

+  is  (17 

242 

1.2 

9.8  12 

Ol  73 

20     9  32 

■  20  58 

L32.5 

1.35 

9.8 

10.8 

(  >l  83 

22 

46 

-23  37 

243 

3.8 

8.8  14 

Ol  74 

20  21      7 

+54    19 

40.7 

3.79 

11 

1  L.2 

Ol  84 

23 

28 

|-50   i:i 

144 

1.6 

!).:>    9.6 

(  )l  75 

20  26     1 

+  29  52 

135.2 

1.36 

10 

11. t) 

Ol  85 

17 

45 

+  24  51 

232.9 

2.98 

8      12 

i  ,    i    1  i  ginia. 


NOTE. 


The  curators  of  the  Bachiene  Institution  of  the 
Leyden  University  propose  the  following  prize-subject. 

Required:  to  derive  from  the  astronomical  (angular) 
proper-motions  of  the  stars  belonging  to  the  second 
and  third  spectral  types  (Harvard  Classifications  F, 
G,  K,  .1/)  the  frequency  of  a  component  of  the  linear 
peculiar  velocity  as  a  function  of  its  amount. 

Explanation.  It  is  supposed  thai  the  theory  of 
the  star-streams,  in  the  form  given  to  thai  theory  bj 
Eddington,  is  accepted.     Peculiar  velocity  then  means 


the  velocity  freed  both  from  the  Sun's  motion  and 
from  the  stream  motion.  It  is  permissible  to  admit 
that  the  motions,  corrected  in  this  way,  have  no 
longer  a  preference  lor  any  particular  direction,  and 
that,  consequently,  the  required  frequency  law  will  be 
t  he  same  for  all  components. 

The  same  problem  has  been  treated  by  means  of 
t  he  radial  velocil  ies  in  the  "  Proceedings  of  the  National 
Academy  of  Sciences"  (Washington)  Vol.  1.  pp.  17-llh 
The  treatment    has  been  given  more  elaborately  and 
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corrected  in  "Publications  of  the  Astronomical  La- 
oratory"  at  Groningen   No.  30,  second  appendix. 

As  to  the  required  treatment  by  means  of  the 
astronomical  (angular)  proper-motions,  a  beginning 
has  been  made  by  Schwarzschild  in  Astronomischt 
Nachrichten,  No.  4557.  In  this  treatment,  however, 
I  he  Sun's  motion  has  been  taken  into  consideratoi) 
only  in  a  very  rough  way,  while  the  stream  motion 
has  been  neglected. 

A  separate  treatment  of  the  spectra  /•'.  G,  K,  M, 
if  possible,  will  he  preferable.  Still  solutions  in  which 
these  classifications  are  treated  together  or  in  two  or 
three  groups  nay  truly  compete  lor  the  prize.  A 
very  approximate  freedom  from  both  the  Sun's  and 
the  stream  motion  may  take  the  place  of  complete 
freedom,  it  it  appears  that,  with  existing  material,  the 
latter  i--  not  attainable. 

The  work  has  to  he  based  on  extensive  material  of 
very    accurate   proper-motions    (e.  (/.   on    Boss's   Cata- 


The  competition  is  open  to  everyone.  The  paper 
containing  the  solutions  has  to  he  sent  before  March  I. 
L921,  to  the  secretary  of  the  curators,  Mi,'.  H.  Krabbe, 
Leyden,  Witte  Singe!  28.  It  must  he  typewritten  in 
Dutch,  French,  German  or  English,  with  the  address 
of  the  author  enclosi  1  m  a  sealed  envelope  on  which  is 
written  the  same  nom  de  plume  with  which  t he  paper 
itself  must  he  signed.  'I  he  author  to  whom  the  prize 
is  awarded  receives  a  calligraphed  certificate  in  parch- 
ment, together  with  a  sum  of  money  amounting  to  at 
least   five  hundred  guilders. 

The  paper  remains   the   property  of  the  author. 

Tin-',  Curators  of  the  Bachiene  Institution, 

.1.  (  )ppenheim,  President. 
H.  Krabbe,  S< cretary. 


Leyden,  Februai 


OBSERVATIONS  OF   COMETS, 

MADE    WITH    THE    16-INCH    EQUATORIAL    OF   'I'm.    CINCINNATI    OBSERVATORY, 

By  EVERETT    1.   YOWELL. 


G.  M.T. 


#-* 


No. 
Comp 


# 


App.    r, 


log  /<A 


Aug.  28 
28 

Sept.      1 


Aug.  28 

Sept.       1 

13 

14 
15 
Hi 
24 
25 
26 


Nov.  22 
24 


15 

41 

58 

15 

41 

58 

15 

48 

43 

15 

in 

17 

10 

18 

01 

+  2  12.97 

-ti  46.66 

4-0  19.4  I 

-I)  12.02 


i.  1919  «  Brorsen-Metcalf) 
22  22  27.43 


12 

0 

+  2  49.1 

0 

■" 

+  3  34.7 

12 

5 

+  6  2S.5 

12 

6 

-  ()  16.4 

16 

6 

21   38  58.25 
21    IS  05.37 

20    17  2! i, (is 


r  15  no  20.1 

on  24   09.8 

I   ...  •   36  o 

4-68    19  56.4 


9.484n 


9.273?! 
9.150?i 
9.361 


'.i.  MO// 
0.376n 
0.587?i 

0.702// 


Comet  c  1010  (Borrelly-Metcalf) 


14 

!  1 

58 

14 

28 

40 

13 

17 

06 

13 

38 

22 

13 

31 

38 

13 

15 

39 

13 

20 

15 

;:; 

32 

t:, 

'.:; 

14 

48 

-0 

44.75 

-0 

1  L.63 

-0 

12.27 

+  1 

21.10 

+  2 

42.50 

+  2 

10.07 

-1 

20. 1  1 

-o 

39.85 

-0 

12. OS 

+  s 


+ 


31.7 
oo.o 
08.8 

10.1 
24.8 
38.8 
08.9 

.     ' 


12 

5 

11 

5 

IS 

6 

IS 

5 

0 

2 

12 

4 

17 

5 

11 

12 


14  12  37.58 

II  10  1  1.10 

1-1  10  57  19 

14  42  53.64 
M  !  !  51.10 
I  1  -it.  18.87 

15  03  2o.02 
15  05  38.06 
15  07  47.72 


Cornel  d  1010  (Finlay-Sasaki) 

14   47  00  I    -1   03.56  '    -14    12.2  I   12  ,  6  I     0    15  00.77 


1 4  39  26  i    +  0  45.76 


t  04.7  |  12,6  I     0  28  20.77 


+  24  40 
4-23  07 

I  17  55 
+  1 7  28 
i  17  00 
!  10  33 
+  12  46 
+  12  17 
+  11    IS 


I    2  21    17.6 
+    4   20  21.3 


10.0 

0.004 

50.0 

O.OSO 

OS. 4 

O.i'l.i 

12.3 

o.o.-.o 

53. 1 

0.055 

30.9 

9.64  1 

13.4 

0.050 

29.5 

0.050 

32.5 

0.0  17 

05  I 
050 
071 
007 
000 
05S 
693 
703 
695 


9.199 
9.124 


S21 

joo 


s 

0 
10 

II 

12 
L3 

15 
10 


17 

is 


Sept    -;.     Hazy,  comet  difficul 
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( 'omparison  Stars, 
Mam  places  for  1919.0  and  reductions  to  apparent  place. 


• 

a 

6 

Red.  a 

Red.  S 

Authority 

1 

h      in 

22  20  09.97 

+  44  56  22.2 

+4.49 

" 

A.  <•'.  Bonn  16675  pr.  (mean  — s.30). 

2 

22  22 

+  44  57    12.9 

+  24.1 

Compared  with  **1  :  AS  =  +50". 7. 

:; 

21  39  40.30 

+60  20  09.4 

+4.61 

+  2:..7 

Compared  with  *4  :  Aa  =  +1"'  27s.49,  A3 

=   -4'00".8. 

4 

21   38    L2.81 

+  60  21    10.2 

A.G.  Hels.  L2426. 

5 

21    17  41.45 

+  64  31   41.0 

-     1    Is 

+26.5 

Boss  P.  G.C.  5488    6  i  .  pht 

6 

20  -17  37.58 

+68  50  15.6 

+  4.12 

+  27.2 

A.G.  Chr  s.  3238. 

7 

14   13  20.48 

+  24  52  21.0 

+  1.85 

-    0.3 

Yi    {A.G.  Ber.  B  5032  +  A.G.  Cambr.  E  6 

■80). 

8 

14    19  2  1.27 

+  22  59  56.3 

+  1.85 

-   0.3 

A.G.  Ber.  i 

'.) 

14    11   07.88 

1    17.."> 

+  1.88 

-   0.3 

1  er.  A  5320. 

lit 

14  41   27.65 

+  17   18  2:1.7 

+  1.89 

-   0.5 

Boss  P.  G.  C.  3770  (o  Bootis). 

11 

14  42 

-i-17  08   1  $.7 

+  1.89 

-   0.5 

12 

14  44 

+  1.90 

-   0.6 

5349. 

15  04 

+  12  47  52.5 

■ 

-   0.2 

A.G,  I.n:    5315. 

14 

15  04  26.18 

+  12  32  02.0 

A.G.  Lpz    I 

15 

L5  04   56.26 

+  12  23  13.2 

+  1.95 

-   0.1 

Compared  with  *14  :  la  =  +30'. OS.  A5  = 

-8'  4s". x. 

16 

15  07  57.84 

+  11   : 

+  1.96 

-   0.1 

A.G.  Lpz    5328. 

'" 

0  16 

-    2  35  02.4 

-27.4 

.  .1//..  55. 

L8 

0  27 

+  4,2: 

+4.33 

+  27.4 

.  A/6.  98. 

ON   THE    POSITIONS   OF  NEPTUNE  AND    URANUS, 

By  II.   R.   MORGAN. 
. ■ ! iiiiral  J    ,\    I 


Thi  "">    of    Neptune    and    I  aken 

with  the  9-inch  Transil    '  i  cle  of  Naval  Observatory 
sine;-    1903,    tin-.  '         educed,    on   a 

uniform   basis,   i  i    to    Newcomb's  syst<  m    of 

star    places.      rhe    mean   correction    to   the    .1", 
Ephemeris  has  been  formed,  as  given  below,  for  op] 
tions     near     which     observations     were     taken.     The 
quantities    represenl    ttn     i   irreetions    to    Newcomb's 
new  tables  of  Neptune  and   Uranus,  which  have  been 
used  in  the  Ephemerip  since  1903  an  I  1004  respectiveb  . 

Ni  ptune 


\I        : 

Date 

No 

(  '.IIT 

A,i 

to  A  m 

Eph. 

AS 

1003. OS 

15 

-0.02 

0.5 

1005.07 

15 

n  03 

-0.5 

1  our,. hs 

14 

-0.02 

-0.3 

L  908.03 

15 

-0.04 

-0.5 

L909.02 

in 

-0.06 

-0.4 

L  9 1 0.04 

15 

-0.06 

-0.2 

1911.02 

15 

-0.04 

-0.2 

1912.12 

s 

-0.05 

+  0.3 

Navy,  Superint 

\l        Ml 

No. 

i 

1 

Obsn's 

a. 

AS 

1013.05 

15 

-0.06 

-0.4 

1914.07 

12 

-0.07 

0.0 

1915.07 

13 

-0.07 

-0.2 

1010.  IIS 

12 

0.05 

-0.1 

1917.05 

15 

-0.00 

+  0.2 

1918.14 

15 

-0.08 

-0.2 

1020. OS 

14 

-0.09 

-0.1 

(   run  lis 


1001.54 

15 

+  0.09 

0.0 

1905.51 

7 

+  0.12 

-0.1 

1000.50 

11 

+  0.08 

-0.4 

1908.53 

17 

+  0.10 

-0.2 

1909.53 

13 

+  0.15 

-0.1 

1910.53 

15 

+  0.21 

+  0.0 

1912.58 

15 

+  0.18 

+  0.5 

191  1.60 

16 

+  0.22 

+  0.4 

1916.70 

10 

+  0.10 

+  0.3 

1010. 00 

14 

+  0.15 

+  9.2 
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OBSERVATIONS  DE   COMETES   ET   PLANETES, 

FAITES     A    L'OBSERVATOIRE    DE    BESANCON,    EQUATORIAL    COl  DE    DE    0m.33    D'oi   VERTURE, 

Par  M  P.  CHOFARDET. 


Dates 


T.  m. 

BesarKjon 


J  A.H. 


J  D.P  Cp.  A.R.  app.         logf.p. 


D.P.  app. 


log  f.p. 


Red.  .mi  j.  s(c 


1918 

Oct.      9 
10 

Nov.  23 

30 

Dec.      6 


13    2    6 

13    5    3 

9  13  16 

9  19  52 

9  31  30 


+  1 

6.67 

-1 

3.53 

_2 

2.86 

-3 

7. so 

+  1 

33.72 

Comete  Borrelly  (1905  II) 


- 

1    9.4 

12 

9 

- 

7  40.7 

12 

9 

+ 

3    3.7 

9 

12 

+ 

0  12.2 

9 

12 

+ 

5  20.9 

12 

12 

5  53  42.64 

5  55  33.54 

6  56  43.35 

7  0  47.  is 
7    2  16.21 


9.521?! 

'.1.514// 
9.626n 
9.641// 
9.650k 


97  37  14.5 
97  20  30.3 
70  42  37.1 
63  6  29.0 
56  13  32.6 


0.837?! 

+  3.57 

-    9.2 

0.838m 

+3.58 

-   8.7 

0.770// 

+5.28 

+   9.5 

0.709?! 

+  5.75 

+  12.3 

0.614// 

+  6.29 

+  13.3 

Janv.    6 

7 

20 

21 

22 

Fevr.     4 


6  9  33 
6  32  9 
6  33  55 
6  14  59 
6  17  0 
9  43  40 


-1  53.65 

-3  40.77 

-   1   13.53 

+  1  40.42 

+  1  18.42 

- 1     5.49 

Aout 

16 

9  35  18 

+  1     S.9S 

18 

9  49  22 

+  1  44.40 

19 

10     1  51 

+  2    4.69 

20 

10  43  19 

-2  10.13 

22 

9  50  50 

-  1  21.20 

23 

9  55    7 

-0  53.75 

25 

9  44    6 

+  0  14.04 

27 

9  37  36 

+  1  21.76 

28 

9  42  32 

+  1  58.05 

30 

9  31  31 

-1  37.57 

Sept. 

22 

9  35     1 

+  1  38.26 

25 

8  35    5 

+  0  14.50 

Aout  23 
23 
25 
27 


9  18    6.4 

0  22  20.9 

1  16  26.0 

0  26  37.4 

-1  25.33 
-1  4.53 
-0  43.40 
-1     7.24 


-  5  23.6 

-  5  16.8 

-  0  27.6 
I  6  30.2 

-  2  59.1 

-  2    6.1 

( 'inn 

+  5  34.4 

+  1  26.1 

-  0  26.0 
+  2  26.7 

-  0  35.3 

-  1  55.2 

-  1  10.6 

-  3  14.4 

-  4  10.8 

-  1  55.6 

-  0    4.1 

-  4  14  7 


9 

9 

9 

12 

12 

16 

9 

12 

12 

12 

12 

12 

6  40  34. SO 

9.908?! 

6  39  27.48 

9.903// 

6  28  23.21 

9.912?! 

6  27  56.00 

9.929?i 

6  27  33.99 

9.926?i 

6  30  16.29 

8.602 

9 

6 

12 

12 

9 

12 

9 

12 

12 

9 

12 

9 

9  , 

6 

9, 

6 

6  , 

3 

12, 

6 

9  , 

6 

12, 

9 

lique  Kopff  ( 1919  // 

19  27  31.56 

8.432n 

19  28    6.97 

7.975 

19  28  27.26 

S.5S9 

19  28  49.75 

9.067 

19  29  38.67 

8.581 

19  30    6.11 

8.715 

19  31    6.41 

8.650 

19  32  14.12 

8.653 

19  32  50.40 

8.774 

19  34    8  46 

8.714 

19  56  30.93 

9.238 

20    0  13.26 

8.936 

Comete  Metcalf  (1919  b) 


+   0  32. S 

12  , 

9j 

-   0    7.8 

12  , 

9 

-    4  29.8 

12  . 

9 

+    1     3.6 

12  , 

9| 

22  44  36.78 
22  44  29.31 
22  38  6.16 
22  29  35.70 


9.552n 

9.417// 
9.162// 
9. 360// 


29  21  21.4 

0.395?! 

+  1.66 

+   4.6 

28  53  12.0 

0.254// 

+  4.67 

+   4.4 

24  55  58.6 

8.595 

+  5.31 

+   0.1 

24  45  59.6 

9.386?i 

+  5.33 

-    0.9 

24  36  30.0 

8.959?i 

+  5.32 

-    1.2 

23  43  56.1 

0.460 

+  5.32 

-    3.6 

98  26  39.4 

0.860?! 

+4.20 

-16.2 

98  22  31.0 

0.859?! 

+4.19 

-16.3 

US  20  38.9 

0. S.V.I// 

+  4.19 

-16.3 

98  18  54.2 

0.857// 

+  4.19 

-  16.7 

98  15  52.1 

0.859?i 

+  4.18 

-16.8 

98  14  32.0 

0.860/1 

+  4.17 

-17.0 

98  12    7.3 

0.861n 

+4.15 

-17.0 

98  10    3.5 

0.861m 

+  4.14 

-17.0 

98    9    7.0 

0.860n 

+  4.13 

-17.1 

98    7  26.6 

0.860?! 

+  4.13 

-17.4 

97  55  24.6 

0.855n 

+  3.90 

-19.4 

97  53  20.2 

0.857h 

+  3.88 

-19.8 

59  42  59.6 
59  37    0.5 

54  39  41.1 
49     1     1.8 


0.560n 

+  4.32 

-23.4 

0.484n 

+  4.32 

-23.4 

0.288n 

+  4.38 

-23.6 

0.120// 

+  4.46 

-23.8 

11 
11 
11 

12 
12 
12 
13 
13 
13 
14 
15 
16 

17 
18 
19 
20 
(33) 


34 


T.  m. 
Besangon 
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CP. 


All.  app. 


log  f.p. 


D.P. 


log.  f.p. 


Rrd.  an  j. 


Aoul    25 


Sept. 


Oct. 


Nov. 


30    17  12  32 
30    17  49  42 


0  14  52 

+  1  26.31 

9     1  l.'i 

-0  39  L3 

9  13     1 

-  1     8.40 

0     1   14 

+  1     0.01 

s  5<  i  52 

-0    8.47 

7  59    6 

+  0    7.60 

7  21     4 

—  2  44.22 

6  42     1 

+  1     3.16 

0  40  24 

+  1  17.30 

6  34  27 

-1  21.7S 

6  28  33 

1  1  34.15 

li  20  .")(') 

+0  37.50 

6  is  21 

M  20.71 

0  23  20 

-2  18.32 

6  14  57 

+  o  58.32 

0  13    6 

+  o  51.95 

Comete  Mktcalf-Borkelly  (1919  c) 


+  s  s.7 

+  5  52.2 

-  0  36.1 

-  1  56.5 

-  3    2.4 

-  1  28.6 

-  4  30.7 

-  3  25.0 

-  1   10.7 
J-  1  28.3 

-  4  47.4 
+  1  25.0 

-  2  39.4 
+  o  io.:; 

-  5  26.8 

-  l  io.i     o  ,   o    io  ii 


12  , 

9 

12  , 

9 

9  , 

6 

9  , 

6 

:; . 

3 

12  , 

9 

9, 

12 

6  . 

3 

12  . 

0 

12, 

9 

12  , 

9 

12  , 

9 

12 

9 

0 

12 

9 

li 

0 

ii 

14 

7 

14 

10 

14  12 

14 

15 

14  58 

15 

5 

15  16 

17.  42 

1.5 

45 

15  50 

15 

58 

Hi 

0 

io 

3 

Hi 

ii 

16 

9 

29.26 

0.041 

37.20 

9.636 

13.00 

9.638 

2S.0S 

9.635 

11.50 

9.616 

5.66 

0.602 

11.40 

9.582 

34.44 

0.550 

6.62 

0.55S 

15.20 

0.551 

S.71 

9.552 

IS. 01 

0.540 

34.60 

0.572 

15.  SO 

0,551 

0.53 

0.543 

16.87 

9.543 

03  54  26.6 

0.725» 

04  42  35.7 

0.724,/ 

05    7    3.0 

0.7367! 

05  50     5.9 

0.737ti 

70     0  53.8 

0.799/, 

77  35  18.4 

0.780ti 

SO     2  12.0 

0.770// 

S5  39  42.2 

0.795k 

86  11  17.0 

0.707// 

S7  1  1   13.7 

II. SOI// 

88  50  52  1 

0.8077! 

89  23     2.0 

0.8097! 

SO  55  57. S 

0.8117! 

00  27  51.4 

0.8127! 

91     0  12.8 

O.Sl  l„ 

01    32  54.8 

0.8167! 

+  1.84 

+ 

0.3 

+  1.85 

+ 

0.2 

+  1.S0 

+ 

0.2 

+  1.85 

+ 

0.4 

+  1.04 

+ 

0.3 

+  1.97 

+ 

0.2 

+  2.01 

- 

0.2 

+  2.11 

- 

0.4 

+  2.12 

- 

0.5 

+  2.14 

- 

0.9 

+  2.  IS 

- 

0.8 

+  2.10 

- 

1.0 

+  2.21 

- 

1.0 

+  2.23 

— 

1.5 

+  2.24 

- 

1.2 

+  2.25 

- 

1.3 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


Comete  p^riodique  Schaumasse  (1919  d) 
1     o.ls     +2  5S.1      0,    6  I  13  54  33.16  I  9.547n|    00  is  20.1    0.813n]  +2.61  |  +14.6  I  37 
1    4.79  |  +  3  22.4      0,    3  |  13  54  37.85    0.501//     90  48  44.4  |  0.814n|  +2.61  |  +14.6  |  37 


Nov. 


Dec. 


ii  36  38 

7  in  13 
0  7  8 
0  34  5S 
(i    3    3 


+  2 

0.14 

+  2 

11.05 

+  1 

1.20 

-1 

21.00 

+  3 

1  1.01 

3     1 . 1 
1   17.3 

1  10.0 

2  37.5 

1   io  1 


9 

6 

9 

0 

9 

6 

0 

6 

0 

12 

ique  Finlay  ( 1010  (  | 
23     1    10.20    0.005// 
23     1  5S.10    8.6247! 
1   10  57.70    9.40171 


1  54    3.88 

2  1  42.5:; 


9.3237! 

0.114// 


OS  32  10.7 

0.8617! 

+  3.00 

-25.0 

OS  30  32.9 

0.8627! 

+  3.00 

-25.0 

74  55  54.9 

0.6987! 

+  4.8S 

-24.0 

7  1  28  10.0 

0.68571 

+4.93 

-24.2 

73  38  27. s 

0.68873 

!  l.oo 

-24.0 

Oct. 


10  21  33 

■J  55   IS 
10  23  21 

10  25     5 


)  0  25.11 

-I)  20.011 

0  34.55 

-1  24.14 


i5)  Astree 


+    1    3,5 

0  , 

6 

-    2  25.0 

0  . 

6 

-    0  10.2 

0  , 

6 

+    5  21.0 

0  , 

0 

0 

57   11.11 

8.94271 

0 

50  25.15 

9.0907! 

II 

55  34.16 

8.832?! 

0 

54   11.57 

8.75271 

01    IS  50.4 

0.81971 

+  4.50 

-20.S 

01  24  34.6 

0.81971 

+4.50 

-20.8 

01  30  24.5 

0.82171 

-i    1.5(1 

-20.7 

01  35  56.3 

0.82171 

1.50 

-20.7 

Mai 


28 


\oflt 


22 

11  20     2 

2:; 

10  50  50 

26 

10  IS  I'll 

27 

0  51  32 

10  IS  48 


is  11  2ii  2ii 
10  10  15  24 
I'll     1  1    17  53 


!  0  00.15  -  0  20.3 

+  (.)    0.37  -  I  20. 0 

-1  25.0  1  -  3  31.:; 

-1  52.36  -  0  50.0 

-2  19.28  -  1     1.3 


1 . 

0 

) , 
1 . 

6 

12 

I . 

12 

I . 

12 

;  :;  5.52 
i  2  26.27 
+  1    10.50 


-  o  20.:; 
l    :;    6.9 


1 1 1 )  Parthenope 

13  48  52.11 
13  48  19.03 
L3  16  17.0  1 
13  10  20.20 
13  45  53.36 

(10)  Psyche 


o.ls:; 
9.085 
8.896 
8.596 
8.976 


0 

12 

0 

0 

0 

6 

20  17  10.01 

s.0  12 

20  10  36.76 

S.500 

20   15  57. OS 

s.ooo 

93  25  15.7 
03  21  12.9 
93  22  34.4 

93  22  11. s 


0.832?! 
0.8327! 
0.83371 
0.8337! 


13  22     1.:;    0.83271    +3.-20 


+3.22 

+  3.22 

-t  :;.2i 
+  3.21 


+  14.9 

+  14.8 
+  14.0 
+  14.0 

115 


IDS 
IOS 
10S 


2  10.7 

0.002// 

+  4.49 

-18.6 

5  47.5 

0.9047! 

+  4.40 

-IS.Ii 

9  23.7 

0.001,/ 

1    10 

-18.6 

N°-  773 


T  II  E     A  S  T  KONOMICAL     JOD  R  N  A  I. 


Date 


T.  m. 
BesangoD 


J  D.P 


AH. 


log  f.p. 


log  f.p. 


Red.  au  j. 


22    Calliope 


Mai  20 
21 
22 
23 


10  46  17 

11  30  50 
11  55  1 
11  21  54 


+  1  10.28 

-  i  I'.i.:;:; 

-2  26.94 

:;    2.06 

-    7  31.1 

12 

L2 

-    0     1.7 

12 

12 

-    4  20.0 

9 

8 

-    2  47.5 

0 

12 

L3  5;,  23.03 

8.853 

L3  5  1   13.07 

9.187 

13  5  1    6.36 

9.299 

13  53  31.24 

0.1  ss 

'11  :;i  12.3 

0.821n 

•  3.23 

4-  1  1.:; 

;n  35  41.6 

0.8217) 

+  3.22 

+  14.2 

91  37  17.2 

0.820n 

+  3.22 

+  14.1 

'.II   38  55.7 

0.821n 

+  3.22 

+  14.1 

Fevr.     4    10  25    0 


-0    9.80    +   2  1S.S    12 


(46)  Hestia 
9  I    5    3  5(5.04  I  9.3SI) 


71)  10  55.5  ,  0.044/1    +2.30 


2,1      IS 


(52)  Europa 


Mai 


Juin       2    11  34  47 


20 

K)  58  37 

27 

111  22  52 

28 

11     3  29 

31 

11  13  15 

0  7.(13 
-0  52. SI 

1  40.S5 
1   L5.52 

■2  46.93 


(1  52.  S 

12 

9 

2  16.0 

9 

6 

3  39.5 

9 

6 

3  31.7 

9 

6 

5  29.6 

9 

12 

15  58  17. SO 

8.90871 

15  57  32.03 

9.1287! 

15  50  13.99 

8.7487! 

15  54  24.90 

8.1077! 

15  52  53.57 

8.616 

loo  23  in.r, 

0.8717! 

+3.66 

+   7.2 

100  22  17.3 

0.8697! 

+  3.07 

+   7.1 

100  20  53.8 

0.8717! 

+  3.07 

+   7.1 

loo  17  2  1.:; 

0.8717! 

+  3.09 

+   7.1 

loo  L5  20.3 

0.8717! 

+  3.71 

+   7.0 

Mai     31  :  10  25  29 
Juin       2  I  10    7  57 


-  1  20,17     +12  50.7 
-0  57.1  1      Ml  49.5 


9  , 
9  , 


(56)  Mi  hi, 
6  I  12  27  26.83 
6    12  27  50.14 


9.391    I    90    2  51.2  I  0.811n| +2.77  I +16.3  I  51 
9.365       '.10     L  49.9    0.811ti| +2.75  I  +16.2    51 


Oct. 


11  2  31 
11  50  13 
11  40  40 


-0  54.12 
+  1  49.10 
+  1     0.S2 


4-    7  21.3 

'.I  . 

0 

-    S   15.S 

9  , 

0 

-    4  50.9 

9  . 

6 

(00)   Mm ii 
0  44  39.17 
0  43  18.56 
0  43    0.22 


S.079 
'.i.O  is 
9.025 


84    s  56.8 

0.76571 

+4.56 

-27.S 

84  12  30.2 

0.707/, 

+  4.55 

28.0 

84  15  I'.i.l 

0.707/, 

+  4.55 

-28.0 

Aout    18    11  47  29 

19    1 1  39    5 


+  0  34.90 
+  1  37.47 


35. 1 
37.5 


(89)  Julie 
6  [  20  59  49.70 
6    20  58  43.57 


S.700 
S.720 


103    2  10.5    0.883rc|  +4.39 

-22.5 

102  56  39.9    0.88371  +4.39  | 

-22.4 

Avril 


19  I  10  31  29 
22  I    9  33  29 


-1  37.30  1  -     1  56.1 
-2    6.16     -    6  38.7 


(148)  Gallia 
9  I  10  53  53.68 
12    10  53  24.79 


9.20(1 
8.875 


66  35  21.6  I  0.569n|  +2.78  |  +  13.4  I  56 
66  30  3S.9  I  0.552n|  +2.75    +13.0    56 


Oct. 


20  I  11  17  49 

21  11  25  36 


+  1  32.51  I  -2  31.4 
+  0  26.01  !  -  1  26.2 


(186)  Celuta 
9  ,    6  |  '  0  48  20.32  I  8.602  I    82  20  38.8 
9  ,    6  !    0  47  I  1.42    8.798       82  18  43.9 


0.749n|  +4.59  j  -27.9    57 
0.749n|  +4.59  |  -28.0    57 


Avril 


191  11  19  21 
22    11  36  23 


+  1  33.73 
-0  50.16 


5  16. 1 
I  25  8 


12  , 

12  , 


(221)  Eos 
9  |  11  20  52.93 

9    11  19  5:;. 50 


9.266 
9.364 


76  37  38.8  I  0.702/*    +2.80 
70  31    10.0  |  0.710n   +2.7S 


+  16.4  |  58 
+  16.1  I  59 


Oct. 


IS 

9  55  58 

+  1  20.27 

19 

9  35  16 

+  0  47.41 

20 

10    0  55 

+  0    8.44 

21 

10    4  24 

-0  28.58 

(240)  Vanadis 


-    1  17.3 

9  , 

6 

+   2  28.1 

'.)  . 

6 

+  6    8.0 

9  , 

6 

+  9  35.6 

'.i  . 

G 

0  15  10.38 

8.7717! 

0  14  31.52 

8.940n 

0  13  52.55 

8.53971 

0  13  15.53 

8.30471 

02  17     0.S 

0.82671 

+  4.42 

-28.1 

92  20  46.2 

0.8267! 

+  4.42 

-  28. 1 

92  24  26.2 

0.8-2771 

+  4.42 

-28.0 

92  27  53.8 

0.827n 

+4.42 

-28.0 
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Date 


Oct. 


Mai 


Avri 


Mai 


Oct. 


T.  in. 
Besane.on 


J  A.Ii. 


J  DP. 


Cp. 


A.Ii.  ap]). 


log  f.p. 


log  f.p. 


(259)  Altheia 

19  u       m       8  mi       s  '        n  h       m       s 

Juin       2  i  10  40  50        -1  51.63  I  -    8  56.5    12  ,  12  i  13  48  41.14  I  9.239 


Mai     22     10  44  51 
23    10  33  52 


20 
21 


9  38  42 

9  30  53 


-0  42.86    +   2  23.3  I    9 
■0  31.75  I  +   4  29.9  I    9 


+  1  31.00     -    3  47.2      9 
-1  45.81  I  +   2  44.8  I    9 


(268)  Adorea 

6  I  12    5  58.42 
6    12    6    9.52 


9.405 

9.388 


14  44.5    0.806/;    +3.14     +13.1    61 


87  15  40.0    0.794//|  +2.72    +16.6  I  62 
87  17  46.5  |  0.795m   +2.71    +16.5  |  62 


(336!  Lacadiera 
6  I  23  45  16.71  j  8.367n| 
6    23  44  46.90    8.467n 


84  20  33.9  j  0.767//I  +4.38  1 

-29.9 

84  28    1.0    0.768n|  +4.38  | 

-29.9  j 

21 

9  34  59 

-0  29.22 

22 

9  47   1.". 

+0  31.07 

23 

9  29  24 

+  0  57.66 

19 

9  44    15 

- 1     4.37 

22 

10  18    2 

-3  13.57 

21 

10    5  41 

-2  43.16 

22 

10  16  25 

-2  16.13 

23 

9  52  30 

-3  29.58 

(349)  Dembowska 
7  49. S  12  ,  9  10  42  24.48 
6  51.3]  9,  6  10  42  50.75 
1  12.9  |  12  ,    6  ,  10  43  17.33 


9.139 

75  46  55.1 

0.713/; 

+  2.30 

+  13.3 

65 

9.471 

75  52  36.5 

0.720// 

+2.28 

+ 13.3 

66 

9.441 

75  58  14.8 

0.715// 

+  2.27 

+  13.2 

66 

(416)  Vaticana 


0  31.9 
2  3.2 
7  16.4 
2  59.0 

1  1.7 


12 

9 

12 

12 

12 

12 

9 

9 

9 

12 

11 

11  40.58 

8.594 

11 

10  33.40 

9.098 

11 

12  28.57 

'.1.150 

11 

12  55.61 

9.480 

11 

13  23.00 

9.436 

10  50  14 

10  20  16 

10  46  52 

11  lis 


+  1  1  1.21 
+  0  37.75 
-0  53.21 
-o  46.87 


(444)  Gyptis 
0  46  41.29 
0  46    4.84 
(I  45  27 
0  44  51.22 


Positions  des  etoiles  <!<■  Com/par aison 


-    1  18.4 

9, 

6 

+    S  17.1 

9  , 

6 

-    3  56.5 

9  , 

6 

-10  48.3 

9  , 

6 

8.281// 

85  29    4.3 

0.776k 

+4.54 

-27.7 

71 

8.804// 

85  38  39.8 

0.778W 

+  4.55 

-27.7 

71 

7.961// 

85  48  23 

0.778// 

+  4.54 

-27.7 

72 

S.374 

85  58    8.4 

0.780// 

+4.54 

-27.7 

73 

67    4    4.3 

0.558?! 

+2.82 

+  13.9 

67  20  47.9 

0.573// 

+  2.80 

+  13.6 

71  19  49.9 

0.671// 

+  2.46 

+  11.9 

71  30    5.2 

0.680» 

+  2.47 

+  11.8 

71  40  15.6 

0.671// 

+  2.44 

+  11. S 

* 

A.R.  moy. 

D.P.  moy. 

Autoritfe 

* 

A.R.  moy. 

D.P.  moy.                          Autorid's 

1 

h      ra      s 

5  52  37.40 

97  38  33.1 

A.G. 

Wien-Ottak. 

1702 

13 

ll          111          8 

19  30  48.22 

98  13  34.9 

A.G.  Wien-Ottak. 

0S21 

2 

5  56  33.49 

97  28  19.7 

A.G. 

Wien-Ottak. 

1727 

14 

19  35  41.90 

98    9  39.0 

A.G.   Wien-Ottak. 

6861 

3 

6  58  40.93 

70  39  23.9 

A.G. 

Berlin  A 

2564 

15 

19  54  48.77 

97  55  48.1 

A.G.   Wien-Ottak. 

7012 

4 

7    3  19.23 

63    6    4.5 

A.G. 

Camb.(Eng.) 

3761 

10 

19  59  54.88 

97  57  54.7 

A.G.  Wien-Ottak. 

7053 

5 

7    0  36.20 

56    7  58.4 

A.G. 

Leiden 

2903 

17 

22  45  57.79 

59  42  50.2 

A.G.  Leiden 

9690 

1919.0 

I'M  0.0 

18 

22  45  29.52 

59  37  31.7 

A. a.  Leiden 

ooso 

(i 

c.  12  23. 70 

29  26  40.4 

A.G. 

Helsingf  :rs 

4722 

19 

22  38  45.18 

54  44  34.5 

A.G.  Lenten 

9629 

7 

6  13    3.58 

28  58  24.4 

A.G. 

Helsm  ifm  :■■ 

4727 

20 

22  30  38.48 

49    0  22.0 

rap.  a  Star  AG.  Bonn 

16892 

8 

6  33     1,10 

24  56  20.1 

A. a. 

Christiania 

100S 

21 

14    6     1.11 

03  46  17.6 

A.G.  Cam.(Eng.) 

0734 

9 

6  20  10.25    24  39  30.3 

A.G. 

Christiania 

1051 

22 

14  11  14.48 

64  36  43.3 

A.G.  Cam.(Eng.) 

6763 

10 

o  ;:i  io.  ic, 

23  46    5.8 

A.G. 

Christiania 

1063 

23 

14  13  20.53 

65    7  38.9 

A.G.  Cam.(Eng.) 

6780 

11 

19  26  1S.3S 

98  21  21.2 

A.G. 

Wien-Ottak. 

07S5 

24 

14  14  17.82 

66    1    2.0 

A. <i.  Berlin  B 

5035 

12 

19  30  55.69 

16  44.2 

A.G. 

Wien-Ottak. 

6822 

25 

14  58  51.12 

76  12  55.9 

A.G.  Leipzig  L 

5277 
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* 

A.R.  moy. 

D.P.  moy, 

\umni''' 

* 

A.R.  moy. 

D.P.  moy. 

Anionics 

26 

ll        in        s 

15    4  56.09 

77  36  46.8 

rap  ,,  Stai    i  G    1 

50 

ii     in 
15  55  36.7!) 

100  20   ls.0 

rap.  a  Star  A.G.  Cum    (U.S 

27 

15  18  53.61 

80    6  43.5 

.1 .(?.  I.<  ipzig  I 

5370 

51 

12  28  50.53 

SO  49  11.2 

AM.  Nicolajew 

3427 

28 

15  41  29.17 

85  43    7.6 

A.G.  Albany 

5277 

52 

(I  i:,  28.73 

si     2    3.3 

A  .G.  Leipzig  II 

273 

29 

15  43  47.20 

86  12  28.2 

A.G.  Albany 

5288 

53 

0  41  54.85 

SI  21    1  1.0 

A  ,G.  Leipzig  II 

253 

30 

15  51  34.93 

87  13  16.3 

A.G.  Albany 

53 1 7 

54 

•_>()  59  10.35 

103  io  11. 1 

A\G.  Cam.{U.S.) 

7464 

31 

L5  56  32.38 

88  55  40.3 

Abbailiii 

8691 

55 

20  57     1.71 

102  51  24.8 

A.G.  Cam.(l  .S.) 

7  115 

32 

16    0    9.22 

89  21  38.0 

A.G.  Nicolajew 

10  12 

56 

10  55  28.20 

66  37      1.0 

A.G.  Berlin  />' 

1150 

33 

16    2  11.68 

89  58  38.2 

A  .G.  Nicolajew 

4049 

57 

o  It;  13.22 

82  23  38.1 

.1 .G.  Leipzig  II 

285 

34 

16    9     1.98 

90  is  12.6 

A.G.  Nicolajt  w 

4076 

58 

11   19  16.40 

70  43    8.8 

A.G.  Li  ipzig  1 

4270 

35 

16    7  59.97 

91     5  40.8 

rap.  a  Star  A.G.  Nit  olajt 

10' 

59 

11  20   10. '11 

7f,  32  10.7 

A.G.  Leipzig  1 

4288 

36 

16  10  52.67 

91  34  15.2 

A  M.  Nicolajew 

4090 

60 

0  L3  39.69 

02  IS  40.2 

A .(?.  Strasbourg 

57 

37 

13  55  40.03 

90  45    7.4 

Munich} 

9705 

61 

13  50  29.63 

SO  23  27.9 

rap    a  SI  u   A.G    Ami,;,/;,! 

1659 

38 

22  59  42.19 

98  29  41.2 

A.G.  Wien-Ottak. 

8197 

62 

12    6  38.56 

S7  13     0.1 

A.G.  .1  Ibany 

1112 

39 

1  48  51.71 

74  57  59.5 

A  M.  Leipzig  I 

564 

63 

23  43  4 1 .:;:; 

si  24  51.0 

rap.  a  star  0 1 

40 

1  55  22.95 

74  26    3.3 

A.G.  Berlin  A 

571 

64 

23  46  28.33 

84  25  10.1 

A.G.  Leipzig  II 

L1786 

41 

1  5S  25.66 

73  43  32.2 

A. a.  Berlin  A 

583 

65 

10  12  51.40 

75  :,)  31.6 

A  .G.  Leipzig  I 

4112 

42 

0  56  44.50 

91  18  19.7 

A.G.  Nicolajew 

196 

66 

10  12  17.40 

75  59  L4.5 

A  ,G.  Leipzig  I 

4107 

43 

0  56  41.25 

-,)1  27  27.3 

A  .G.  Nicolajew 

195 

(57 

11  12  42.13 

67    4  22.3 

lap    a  Mar  .4  6'    Berlin  B 

1227 

44 

0  56    4.21 

'.il  111     1.4 

A.G.  Nicolajew 

193 

68 

11   13  11.17 

07  22  37.5 

A.G.  Berlin  li 

4232 

45 

13  48    9.44 

93  25  51.1 

A  .G .  Strasbourg 

4962 

69 

11   15    9.27 

71  26  54.4 

AM.  Berlin  A 

1406 

46 

20  14    6.00 

108    6  35.4 

Bordeaux 

(Will 

70 

11   16  50.14 

71  41     5.5 

A.G.  Berlin  A 

4413 

47 

13  56  30.08 

91  41  39.1 

A.G.  Nicolajew 

3669 

71 

0  45  22.54 

85  30  50.4 

A.G.  Albany 

210 

48 

5    4    3.48 

70  14  39.1 

A  .G.  Berlin  A 

1403 

72 

0  16  15 

85  52  47 

B.D.  +3° 

112 

49 

15  58  21.17 

100  24  26.2 

A.G.  Cam.(U.S.) 

5557 

73      0  45  33.55 

86    9  24.4 

A.G.  Albany 

211 

20  —  A.G.  Bonn 
26  —  A.G.  Leipzig  I 
35  —  A.G.  Nicolajew 
50  —  A.G. Cam. (U.S.) 
61  —  A.G.  Nicolaji  w 
63  —  *  64 
67  —  A.G.  Berlin  B 


6892 

:  A  A.R. 

=  -0  42.97 

A  D.P. 

=   +   9  36.5 

5306 

A  A.R. 

=   +1      0.04 

A  D.I'. 

=   -    6  20.8 

4077 

:  A  A.R. 

=    --1      3.98 

A  D.P. 

=   —    5  55.3 

5543 

A  A.R. 

=   +0  21.80 

A  D.P. 

=   -13  21.6 

3659 

A  A.R. 

=    -2   11.61 

;  A  D.P. 

=   -    1   45.6 

A  A.R. 

=   -2  47.00 

,  A  D.P. 

=   -   0  55.1 

4227 

A  A.R. 

=  +0   11.28 

;  A  D.P. 

=   -12  46.5 

REMARQUES 


Les  remarques  sur  les  Cometes  ci-dessous  sont  faites  a  l'aide  du  grossissement  124,  sauf  pour  la  Com&te 
Metcai.f  (1919  b)  pour  laquelle  le  faible  grossissemenl  66  est  u^cessaire: 

Comete  periodique  Borrp:lly  (1905  II).— Octobre  9,  Comete  de  grandeur  11.5,  noyau  allonge,  tote  large 
de  30".  Novembre  23.  Comete  de  grandeur  9.5,  noyau  bien  defini,  mais  Hon,  au  centre  de  la  chevelure,  large 
de  50",  qui  semble  s'allonger  vers  WNW.  Novembre  30.  un  vent  du  NE  agite  la  lunette.  Decemhre  6,  Comete 
de  9  grandeur,  tete  ronde,  etalee  sur  1.5  'le  diam&tre,  uoyau  central  bien  prononce,  naissance  de  queue  vers  E 
sur  3'  de  longueur.     Janvier  21,  Comete  de  10  grandeur.     Febrier  4,  Comete  de  12  grandeur;  le  ciel  est  n^buleux. 

Comete  periodique  Kopff  (1919  a). —  Aout  16,  au  deTmt  de  l'observation,  la  Comete  est  estimee  de  11 
grandeur,  mais,  vers  la  fin,  l'eclat  est  tres  attenue  par  le  lever  de  la  Lune  et  la  formation  de  vapeurs  nuageuses. 
Aout  18,  le  ciel  est  beau,  la  Comete.  de  grandeur  10.5,  apparait  ronde;  la  chevelure  a  un  diametre  voisin  de  1.5 
avec,  sensiblement  au  centre,  une  condensation  ecrasee  et  floue.  Aout  28,  un  vent  violent  du  Ml'  secoue  la 
lunette.     Septembre  25,  la  Comete  de  grandeur  12.5  est  a  la  limite  de  visibility :    les  pointes  sont  penibles. 
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Comete  Metcalf  (1919  &).—  Aou1  23,  la  Comete,  de  9  grandeur,  apparail  tres  n6buleuse,  circulaire,  large 
d'enviroii  5'  avec,  an  centre,  une  condensation  eTal6e,  sans  noyau  precis.  Aou1  27,  la  Comete,  toujours  de  9 
grandeur  a  un  diametre  de  8'  a  10',  Le  noyau  incertain  disparail  aux  pointes. 

Comete  Metcalf-Borrelly  (1919  c).  -  Aou1  25,  Cette  Comete,  estimee  de  10  grandeur,  est  relativement 
Lumineuse;  elle  est  ronde,  mesure  2'  de  diametre  el  a  une  condensation  centrale  nebuleuse,  mais  bien  dermic 
Aout  28.  la  lunette  es1  secouee  sous  l'action  d'un  fori  vent  du  Nil'.  Aou1  30,  la  Comete  est  de  9  granduer.  Sep- 
tembre  22,  l'observation  est  faite  un  peu  trop  pres  de  l'horizon.  Octobre  LI,  la  Comete  disparail  sous  les  images. 
Octobre  12,  la  Comete  est  de  8  grandeur,  la  condensation  est  centrale  el  toujours  bien  definie.  Octobre  14, 
a  6h  29™  la  Comete  passe  devant  une  etoile  de  11  grandeur  sans  que  l'eclat  de  cette  derniere  en  soil  alteree. 
Octobre  17.  la  Comete  es1  de  grandeur  7.5.  Octobre  19,  le  ciel  est  nuageux  et  les  mesures  difficiles.  Octobre 
21,  la  <  lomete,  estimee  de  8  grandeur,  n'apparait  dans  le  crepuscule  qu'avec  les  etoiles  de  10  grandeur. 

Comete  periodique  Schaumasse  (1919  d).-  -  Novembre  30,  la  Comete  a  l'aspecl  d'une  petite  nebulosity 
de  12  grandeur,  large  de  30"  a  40",  disparaissant  aux  premieres  lueurs  de  l'aurore. 

Comete  p6riodique  Finlay  (1919  e). —  Novembre  L3,  la  Comete.  de  9  grandeur,  est  d'un  aspect  vaporeux; 
la  chevelure,  circulaire,  s'estompe  sur  un  diametre  de  4'  a  5';  le  noyau,  decentre,  vers  le  SSW,  est  mal  defini. 
Decembre  10,  la  Comete,  de  grandeur  10.5,  est  difficile  a  pointer  par  suite  du  noyau  incertain. 

Planetes. —  (11)  Parthenope,  Mai  27.  le  ciel  est  vaporeux;  Mai  28,  la  lunette  est  secouee  par  le  vent. 
(56)  Melete,  Juni  2.  vent  assez  fort,  (til))  Maia,  Octobre  Id.  les  images  sont  un  peu  agitees  sous  l'influence 
du  vent. 

\loin   <l:    Hi  Sanson, 
1920,  Ami   to. 

PHOTOGRAPHIC  DETERMINATIONS  OF  THE  PARALLAXES  OF  40  STARS 
WITH  THE  THAW  REFRACTOR, 

By  ZACCHEUS  DANI]  L  and  FRANK  SCHLESINGEE 


The  measurements  for  this  series  of  parallaxes  were 
all  made  by  Mr.  Daniel.  The  average  probable  error 
is  ".0081,  the  average  number  of  plates  is  1.").,"),  and  the 
average  number  of  comparison  stars  is  3.8.     The  num- 


bers assigned  to  the  stars  are  in  continuation  of  earlier 
series.  The  full  details  of  this  work  will  lie  printed  in 
the  Publications  of  the  Allegheny  Observatory. 


No. 


8  (1900) 

Visual  Magn. 

and 
Spectrum 

Total 
Proper- 
Motion 

|:;i     6 

6.2  F0 

0.77 

4-29  27 

'.).() 

.45 

+  2!)  27 

9.8 
8.6  F8 

-2t)    13 

6.1   K0 

.60 

+  20  53 

5.6   K0 

.05 

4-39  39 

7.5  K0 

.80 

+35     5 

2.4   Ma 

.22 

+  42     7 

5.1   F8 

.82 

f-23     7 

4.S  A5 

.09 

i  33    hi 

5.1   GO 

1.18 

+  6  2.-) 

5.9  K0 

2.32 

+  ()     5 

4.1  c,:. 

.53 

\  3 1   58 

3.9  Bl 

.028 

+  41   56 

7.3  GO 

.69 

|   15    II 

10.5 

.42 

Relative  P 

am 

Probable 

arallax 
Error 

+  .040 

±=  .009 

+  .032 

6 

+  .013 

10 

+  .027 

5 

+  .006 

7 

+  .003 

6 

+  .068 

ti 

+  .033 

7 

+  .081 

7 

+  .023 

s 

+  .062 

8 

1.1  15 

8 

+  .055 

10 

.000 

7 

+  .021 

7 

+  .071 

8 

320 

321 
322 

323 
32  1 
325 
3211 
327 
328 
320 
330 
331 
332 
333 
334 


Piazzi  267 

242  (brighter) 

242  (fainter) 

Mean    

54  Piscium 

55  Piscium 

Lalande  1045 

0  A  ndromeda 

Piazzi  142 

9  X  .1  rietis  

8  o  Trianguli 

/'  a       123' 

10  Tauri 

38  o  l'<  rst  i        

Groombridge  864 
Companion  to  <  'apella 


0 
31 

31 


34 
35 
35 
4 
36 
52 
II 
31 
32 
38 
35 
10 
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335 
336 

337 
338 

339 
340 
311 
342 
343 
3  11 
345 
3  16 
347 
348 
349 
350 
35] 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 


Name 


?;  Geminorum 

Lalande  L2293.  . 
L9  Lyncis  (fainter) 
1!)  Lyncis  ( brightet 
Mean 

0   Li  on  is 

til)  Leonis 

Piazzi  tO     

Lalandi  24414.  .  .  . 

2  2106       

2  2128         

Weisse  ISO.") 

Lalandi  33439 

1 1 1  Herculis 

31  /'  .1  quilce 

38  M  Auiiilir 

Groombridge  2875 
Lalande  37120 

17  <  'ygni 

Lalande  38383.    . 
Lalande  38380 
Groombridge  3243  . 

Oeltzen  21338 

Lalandi    10848 

0  1138 

Lalande  41085. . . . 
Lalande  11X18.  .  .  . 
Lalande  42286 

At  '  'ephei 

Lalande  42843 
Lalande  13492.  .  .  . 
/'/,/:.:,  218 


a     I 


S  i 1900) 


Visual  Magn. 

and 

Spectrum 


(i  9 

6  22 

7  15 
7  15 

9  36 

II)  :,7 

12  14 

13  4 

16  16 

17  2 
17  58 
is  (i 
is  13 
19  20 

29 
29 
30 

19  13 

20  I) 
I) 

34 
.".1 
59 

20  ."ill 

21  21 
25 
37 
40 

21  53 

22  12 

23  48 


+  22  32 

•  36  33 

-|-55  28 

-|-55  2S 

+  10  21 
+  20  43 
+  17  6 
+  .">  46 
j  9  35 
+59   13 

!  20  20 

+38  27 

+  18  1 

+  11  14 

+    7  10 

+58  23 

+  32  no 

+  33  30 

+  23  .". 

+  20  38 

+  12  29 

+  01  48 

+45  29 

+  1.".  27 

+   0  11 

+  11  50 

+  20  IS 

+  58  19 

+  3  18 

4  12  24 

+  74  59 


Var.  Ma 

7.1  GO 

6.5  A 

5.6  I'.s 

3.8  F5 
4.4  A 

7.0  G5 

6.9  GO 

6.8  F8 

9.1  KO 
7.1  KO 

6.4  <; 

1.1  \:; 

5.2  (15 
l.o  K 
0.7  CO 

6.6  Ko 

5.0  F5 
7.2  K2 

5.7  K 

7.1  F8 

8.6  K2 
s.l  K2 

6.2  Ms 

6.4  F2 

7.7  GO 
7.1  G5 

Var.  Ma 

7.i  rs 

6.9  GO 

6.5  KO 


Total 
Proper- 
Motion 


.06 
.39 


.033 
.15 
.020 
.24 

.OS 

.43 

.72 
.58 
.13 
.96 
.27 
.66 
.52 
.45 
1.37 
.86 
.20 
.77 
.10 

.19 
.18 

.30 

.001 

.31 

.85 
.33 


Relative  Parallax 

.■in.  I 
Probable  I  


+  .010 
+  .032 
-.004 
+  .007 
+  .001 
+  .024 
+  .007 
+  .010 
+  .035 
-.004 

•  .039 
+  .035 
+  .00.". 
+  .051 
+  .055 
+  .010 
+  .025 
+  .027 
+  .030 
+  .03S 

|  .011 
-.00.", 
+  .134 
+  .044 
-.004 
+  .047 
+  .001 
+  .02S 

i  .no;, 
+  .02.", 

|  033 
+  .002 


=  .008 


s 
s 
s 
I) 
0 
s 

1 1 

0 
0 

11 

s 

0 
10 

7 

7 


0 

II 

10 
s 
7 
8 

10 
0 
5 


Correction.     No.  770.  p.  12,    of  *  x  Pegasi  'X,,.  101 1  should  be 
Allegheny  Observatory  of  /'/<    University  <>/  Pittsburgh, 


".010   ±".000,  nut    +".010     i  ".000. 


March   20,  1920. 


THE   PARALLAX  OF  NOVA    AQUILAE   NO.   3, 

By   F.    HENROTEAU. 


Thf  valuable  paper  "Observations  de  Nova  Aquilm 
No.  3  effectuees  n  1918"  published  in  the  receni 
volumes  of  the  " Annales  <!<■  VObservatoire  Royal  de 
Belgique"  in  which  determinations  of  the  parallax  of 
this  star  are  giver,  by  H.  Philippot  and  E.  Delporte, 
having  come  to  our  attention,  a  redetermination  of 
the  parallax,  based  on  the  data  they  have  obtained 
with  their  meridian  circle,  was  undertaken.  We  shall 
treat  Mr.  Philippot's  data  anew;  our  reason  lor  so 
doing  will  appear  to  the  reader  in  the  course  of  the 
paper. 


In  Ma.-  Philippot's  treatmenl  of  his  observations 
the  proper  motion  of  I  he  star  is  entirely  neglected. 
However  it  is  well  known  thai  for  all  the  stars,  yearly 
displacements  due  to  proper-motion  are  of  aboul  the 
same  order  of  magnitude  as  displacements  due  to 
parallax.     When    computing    parallax    proper-motion 

must    lie   considered. 

In  our  new  determination  of  the  parallax  we  shall 
make     Use     of     the     mean-,     iif     the     differences      a   —   a,; 

(right  ascension  of  I  he  Nova  minus  right  ascension  of 
each  comparison  star)  for  the  seven  comparison  stars 
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B.  D.  +0°.3982,  3993,  4005,  4039,  4051,  4061,  and 
4082,  on  each  date.  (See  Mr.  Philippot's  table  on 
p.  41  of  his  memoir.) 

We  shall  reduce  these  means  into  thousandths  of 
seconds  of  are  and  obtain  values  of  m  given  in  the 
following  table,  by  subtracting  a  convenient  constant 
from  these  means,  a  constant  so  chosen  .is  to  render 
///  as  small  as  possible.  As  the  seven.-,  comparison 
stars  wire  not  observed  on  June  12,  June  17  and 
July  15,  no  ///  ha-  been  computed  tor  these  dates. 


Data  of  Observation 


P 


13 

0.(5 

+  .33 

+  974 

0.00 

+  646 

18 

0.0 

+  .25 

+  143 

0.05 

-168 

25 

0.0 

+  .13 

-193 

0.12 

-  480 

18 

0.6 

-.25 

-234 

0.35 

-443 

24 

0.8 

-.35 

+  61 

0.41 

-127 

29 

0.8 

-.42 

+  597 

0.46 

+  426 

3] 

1.0 

-,4b 

+  239 

(I.4S 

+  75 

7 

0.8 

—  .55 

-  74 

0.55 

-213 

21 

1.0 

-.73 

+  256 

0.69 

+  167 

lb 

0.8 

-.'.I.") 

-  49 

0.95 

-  41 

25 

0.8 

-.99 

-  52 

1.04 

-  10 

Date 

June 


July 


Aug. 


Sepl. 


(1)  In  the  above  table  /»  is  a  weight  given  to  each 
observation  according  to  the  quality  of  the  "seeing 
noted  by  the  observers  on  the  corresponding  dates. 
(Seeing  1  carries  a  weight  1.0,  II  a  weight  0.8.  and- 
III  a  wight  0.6.) 

(2i  P  is  the  parallactic  factor,  or  factor  by  which 
to  multiply  the  parallax  of  the  star  to  obtain  its  par- 
allactic displacement  in  right  ascension.  P  is  given 
by  the  formula 

P  =  R  (sin  (O  —  a)  —  2  sin'-'-j  t  sin  O  cos  a) 

in  which  A'  is  the  radius  vector  of  the  Earth  in  its 
orbit  varying  between  0.983  and  1.017,  e  is  the  in- 
clination of  the  ecliptic  or  23°  27',  O  is  the  longitude 
of  the  Sun  for  the  date  of  observation  and  a  is  the 
right    ascension   of   the  -tar. 

(3)     m  has  been  defined  above. 


Dominion  Observatory,  Ottawa,  Canada, 
Apni  28,  19  >,0. 


(4)     Ms  the  time  elapsed  expressed  in  fractions  of 
l"i>  days,  taking  the  epoch  1918  June  13  as  origin. 
We  know  that  we  have  the  relation 

m   =  C  +  tp  +  Pit 

in  which  c  is  a  constant,  p  is  the  proper-motion  of  the 
star  for  100  days  and  w  is  its  parallax.  Establishing 
these  equations  for  each  of  the  above  dates  we  have 
a  system  of  eleven  condition  equations  to  determine 
C,  p  and   7r.ll) 

A  least  square  solution  gives  us  the  following  equa- 
tions : 

+  8.400  c  +4.210  p  -3.522  tt'  =  +1296 
+4.210  c  +2.923  M  -2.818  w  =  +  360 
-3.522  c  -2.818  p  +2.879  tt  =   -    170 

i+  =   -   40 

Hence       p.   =   —407 

\c   =  +341 


or  expressed  in  seconds 


-0".04    ±1".14 
-0".41    ±1".47 


The  probable  error  for  an  observation  of  weight  unity 
is  ±0".206.  Having  then  computed  m'  =  c  +  t  p  + 
Pw  for  each  date  with  these  values  of  v,  p  and  c,  we 
find  the  residuals  v  =  m  —  in'  given  in  the  above 
table.  It  will  be  observed  that  the  residuals  are 
much  larger  at  the  beginning  than  at  the  end;  this 
might  be  attributed  to  better  seeing  for  the  later 
observations;  however,  we  are  more  inclined  to 
believe  that  the  much  greater  brightness  of  the  Nova 
in  June  would  increase  the  personal  equation  of  the 
observer  very  markedly.  To  sum  up  it  seems  that 
the  value  obtained  for  the  parallax  of  Nova  Aquilce 
from  the  above  data  has  practically  no  meaning  and 
only  seems  to  indicate  that  it  is  very  small  and  that 
the  star  is  exceedingly  remote  from  us.  Preliminary 
parallaxes  obtained  photographically  by  Olivier  and 
Trumpler  indicate  that  only  an  absolute  parallax 
smaller  than  0".01  is  to  be  considered. 


WSee  "Les  Etoiles  Simples"  by  F.  Henroteau,    p.   124   (Paris, 
Gaston  Doin,  editor.) 
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ON    AN    ANOMALY    IN    STAR    CATALOGS, 

Bi    II    R    MORG  \\. 
[Communicated  by  Real'   admiral  J.  A.  Hoogewerff,  U.S.  Navy,  Superii 

li  has  been  the  custom  to  correct  (In1  observed 
of  the  stars  for  that  pari  of  aberration  which 
is  due  in  the  motion  of  the  Earth  around  the  Sun 
to  call  the  mean  place  of  a  star  its  real  place  as  affected 
by  the  aberrat  ion  due  to  the  motion  of  I  he  solar  sj  stem 
in  space.  Recenl  determinations  of  this  latter  motion 
indicate  an  aberration  of  15"  inwards  the  apex,  1!.  A.. 


IS1';  Decl.  +30  .  Table  I  gives  the  amounl  by 
which  presenl  catalog  positions  differ  from  the  positions 
the  stars  would  have  if  the  solar  system  were  nut  in 
motion    relatively    to   the      stars.     Tl  are   all 

shifted  towards  the  apex  by  an  amounl  varying  from 
11  i  a  p.  a.  and  antapi  x,  to  15"  a1  90  from  these 
points. 


TABLE    I 


a 

0" 

•>h 

4" 

ii" 

8i, 

10" 

12" 

i  i' 

16" 

IS" 

21 1" 

22h 

±89 

45). 62 

12.98 

-24. SI 

0.00 

+24.81 

+  42. OS 

I  19.62 

12  '.is 

+  24.S1 

0.00 

-24.81 

12. OS 

±85 

- 

9.93 

- 

8.60 

-    1.97 

0.00 

+   4.117 

+   8.00 

+ 

9.93 

+ 

8.60 

+   4.97 

0.00 

-   4.97 

-    8.60 

±80 

- 

1.99 

- 

4.32 

-   2.49 

0.00 

+   2.49 

+  4.32 

r- 

1.00 

+ 

t.32 

+    2.40 

0.00 

-    2,10 

1.32 

±60 

- 

L.73 

- 

1.50 

-   0.87 

0.00 

+   0.S7 

+   1.50 

+ 

L.73 

+ 

1.5(1 

|    0.87 

0.00 

-    O.S7 

-     1.50 

l 

- 

1.00 

- 

0.87 

-   0.50 

0.00 

■     0.50 

+   0.S7 

+ 

1.00 

+ 

0.87 

+  0.50 

0.00 

-   0.50 

-     O.S7 

0 

0.S7 

0.75 

-    0.43 

0.00 

+  o.4:5 

+   0.75 

+ 

0  S7 

+ 

0.75 

+   0.43 

0.00 

-    0.43 

-    0.75. 

+89 

+ 

(l.l 

+ 

6.6 

f  1  l.l 

+  13.1 

+  11.4 

Ao 
+   6.6 

+ 

0.1 

6.4 

-11.1 

-12.0 

-11.1 

-    6.4 

+80 

+ 

L.3 

+ 

7.7 

+  12.1 

+  14.1 

+  12.4 

+   7.7 

+ 

L.3 

- 

5.1 

-   9.8 

-11.5 

-  o.s 

-   5.1 

+  60 

+ 

3.8 

+ 

9.4 

+  13.5 

+  15.0 

+  13.5 

+    0.4 

+ 

3.8 

- 

1.0 

-   6.0 

-    7.5 

-    6.0 

-    1.0 

+  30 

+ 

6.5 

+ 

9.7 

+  12.1 

+  13.0 

12.] 

+   9.7 

+ 

6.5 

+ 

3.2 

+  0.9 

0.0 

4      0.0 

+    3.2 

0 

+ 

7.:. 

+ 

7.5 

+  7.:. 

+    7.5 

+    7.5 

+   7.5 

+ 

7.5 

+ 

7.5 

-f   7.5 

+    7.5 

-t-    7.:. 

+  7.5 

-30 

+ 

6.5 

+ 

3.2 

+  0.9 

0.0 

+  0.9 

+   3.2 

+ 

6.5 

+ 

0.7 

+  12.1 

L3.0 

+  12.1 

+   0.7 

-60 

+ 

3.8 

- 

1.9 

-   6.0 

-   7.5 

-    6.0 

-  '1.9 

+ 

3.8 

+ 

0.4 

+  13.5 

+  15.0 

+  13.5 

+    0.4 

-SO 

+ 

1.3 

- 

5.1 

-   9.8 

-  i  i.r, 

-   9.8 

-    5.1 

+ 

1.3 

+ 

7.7 

+  12.4 

+  14.1 

+  12.4 

+   7.7 

-89 

+ 

0.1 

6.4 

-11.1 

-12.9 

-11.1 

-   6.4 

+ 

0.1 

+ 

6.6 

+  11.4 

+  13.1 

+  11.4 

+    6.6 

If    the    motion    and    apex    d t    vary,    (his    solar  i  stant    as   a    vector   on    the   sphere;     but    as    precession 

aberration,  as  it   migh!    be  called,   is   practically  con-  !  changes  the  righl   ascensions  and  declination-  both  of 

(41) 
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ilu    apex  and   of  the  stars  the  amount   of  aberration      tions  in   100  years  of  the  aberration  affects  in  Table  I 
in  thesi iirdinates  changes.     The  approximate  varia-      are  given  in  Table  II. 


TABLE    II 


a 

0h 

2h 

-lh 

6h 

s' 

10h 

12* 

14" 

L6h 

18" 

20h 

L"."1 

(/  (Ao  cos 

5) 

+  80 

-0.76 

-0.31 

+  0.17 

+  0.79 

+  0.37 

-0.33 

-0.6S 

-0.3S 

+  0.26 

+0.64 

+  0.33 

-0.41 

+  60 

-0.22 

-0.07 

+  0.1S 

+0.29 

0.16 

-o.os 

-0.22 

-0.15 

+  0.04 

•  ni  | 

+  0.04 

-0.15 

+  30 

-o.os 

0.00 

+  0.10 

+  0.14 

+  0.10 

0.00 

-o.os 

0.08 

-0.01 

0.00 

-0.03 

-0.08 

0 

0.00 

+  0.04 

+  0.06 

+  0.0S 

+  0.06 

+  0.04 

0.00 

-0.04 

-0.00 

-0.08 

-0.06 

-0.04 

-30 

+  0.0S 

0.08 

+  0.01 

0.00 

+  0.03 

+  0.08 

+  0.0S 

0.00 

-0.10 

-0.14 

-0.10 

0.00 

-60 

+  0.22 

+  0.15 

-0.04 

-0.14 

-0.01 

+0.15 

+  0.22 

4  0.07 

-0.1S 

-0.20 

-0.16 

+  0.0S 

-80 

+  0.6S 

+0.38 

-0.26 

-0.64 

-0.33 

+  0.41 

+  0.76 

+  0.31 

-0.47 

-0.70 

-0.37 

d  {AS) 

0  in 

+0.33 

+  0.30 

-  0.03 

-0.32 

-0.30 

+  0.01 

+  0.31 

+  0.02 

-0.32 

+  60 

0.00 

+  0.11 

+  0.1  1 

0.00 

-0.11 

-0.11 

0.00 

+  0.11 

+  0.11 

0.00 

-0.11 

-0.11 

+  30 

0.00 

+  0.06 

+  0.06 

0.00 

-0.06 

-0.06 

0.00 

+0.06 

\  0.06 

0.00 

-0.06 

-0.06 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

-30 

0.00 

+0.06 

+0.06 

0.00 

-0.06 

-0.06 

0. no 

+  0.06 

0.00 

-0.06 

-0.06 

-60 

().()() 

+  0.11 

+  ().!  1 

0.00 

-0.11 

-0.11 

0.00 

+  0.11 

+  0.11 

o.oo 

-0.11 

-0.11 

-SO 

+  0.01 

+  0.31 

+  0.32 

+0.02 

-0.31 

-0.32 

+  0.01 

+  0.33 

+  0.30 

-0.03 

-0.32 

As  Table   !   indicates  the  amounl    I  catalog 

posh  Li  it  ,  so   Table    11    in 

by  which  the  catalog  proper-motions  do  not  represenl 
of    the   stars.  no   serious 

objection  to  this  anomaly  in  the  catalogs,  as  ii  is  well 
understood,  and  especially  data  as  to  solar 

motion  are  not  now  possible.  However  in  statistical 
studies  of  proper-motions  the  quantities  in  Table  II 
may  have  affed . 


If  future  observations  confirm  the  large  velocity  of 
600  k.  m.,  of  our  galaxy  relatively  to  the  spiral  nebula?, 
the   aberration   affects    [or   such   objects   would   be   27 
times  the  size  of  the  quantities  in  the  above 
as    adjusted    to  I!.  A..    20h;     Decl.,    —15°. 

This    "island    universe"    aberration    for    the    g 
magellanic  cloud  would  be  Aa,   -47s.  12:   AS,   -322". 8, 
with   changes   in    100   years   of   d{Aa),    -L.34:    d{AS), 
-('»". o. 


.1.    COMAS   SOLA'S   ASTEROID, 

(Discovered  1920  January  13  a(  Barcelona,  Spain.) 
By  E.  E.  BARNARD. 


This  olijeei  was  telegraphed  as  a  comet,  but  in 
these    observations    it    appeared    stellar.     The    seeing, 

however,    was    too    i '    to    decide    if   there    was    anj 

nebulosity  aboul   ii  and,  later,  moonlight  intei 

The  position  of  January  21  given  below  is  from  a 
photograph  with  the  10-inch  Bruce  doublet.  On 
this  plate  the  trail  was  measured  with  respect  to  four 


comparison    stars.     The    individual    positions 
objed    from    these    measures    agree    to    within 
tent  lis   of   a   second    in    right    ascension    and    3 
in  declination. 

1020  Jan.  21.  8h  50m  C.  S.  T.    Appt.  a  7-  56m  31 
Appt.  5+21    34' 


of 

the 

.'1 

few 

-4" 

S.S, 

51' 

'. 
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The    corrections    to    apparenl    were    +2-.62,    -12".6.  \  January  31    il    was  one  and   one   half   magnitude   less 
The  trail  seems  to  be  that  of  an  asteroid.  than    the   comparison    star,    bul    the   observation    was 

(in  January  24  the  objecl    was    lit  magnitude.     On      in  moonlight   and  haze. 


Visual  Measures  of  the  Asteroid 


Date 

Cen.  Stan. 

'rime 

J  ,,  a  is  ■! 

Ja 

4d 

"  App. 

log  pA 

• 

1 

1920 

Jan.  24 

b      in      s 

s  59  ;,() 

L66.7 

-0  1  L.92 

-■  3    9.7 

1  .  6 

ii     in 
7  52  50.53 

+  21   16  23.5 

9.4624n 

0.5575 

24 

L3  46  35 

+  130.6 

;  ii    9 

|  i  30.6 

1  .  6 

7  52  35.79 

+  21  15    8.3 

9.4065 

0.5490 

2 

-1" 

11  30     1 

+246.3 

+  0  17. (il 

1   18.9 

1  ,  6 

7  1!)    8.03 

+  20  56  50.5 

s.:;222 

0.5079 

9 

29 

11  45  53 

+   21.6 

+  0     1.94 

|  :;  57.8 

1  .  6 

7  46  48.69 

:l     0.6 

8.8865 

0.51  15 

4 

31 

8  56  28 

+   93.1 

+  0    6.63 

1  2  26.8 

5  .  8 

7  1  1   11.33 

1-20  31  54.7 

9.3674k 

0      ,  : 

5 

Feb.    3 

1 1  30  27 

+   94.4 

+0    6.70 

:;  27. 9 

4,  7 

7  ii     8.19 

+  20    3  33.7 

8.9731 

0.5315 

6 

Mean  Places  of  Comparison  Sims 


• 

a  1920.0 

1    1920.0 

Red  to  Appt. 

Authority 

1 

2 
3 

4 
5 
6 

7  52  59.92 
7  52  23.92 
7  is  47.78 
7  46  44.12 
7  44  32.05 
7  40  58.83 

+  2!   13  25.1 
+  21   1()  50.1 
+20  58  51.6 

+  20  40  15.1 
+  20  29  40.1 
+  20    7  13.6 

+  2.5:; 
+  2.5:; 
+2.64 
+2.63 
+  2.65 
H  2.66 

-12.4 
-12.4 
-  12.2 
-12.3 
-12.2 
12.0 

10  in                  ipared  with  Berlin  (B)  .1.  G.  C.  3191. 

i  {B)  A.  G.  C.  3191. 
13.5  mag.     *  'ompared  v\  it  h  Berlin  (B)  A  .  G.  C.  3  L62. 
13  mas.     Compared  with  Berlin  (B)  A.G.C.  3144. 
B.  D.  -1  20    1911.     R.  II.  Tucker,  /..  0.  M.  C. 
B.D.  +20°  1896.     R.  H.  Tucker,  L.  0.  M.  C. 

Measures  of  Comparison  Shirs 


Sa  COS  S 

Au 

A3 

imps. 

1020  Jan.  24 
27 
29 

Star  1  —  Berlin  (B)  .1.  G.  C.  3191 

Star  3        Berlin  (B)  A.  G.  C.  3162 

r  4  —  Berlin  (B)  A.  G.  C.  3144 

+  0  36.00 

i    6.50 

+  0  29.57 

+  2  35.0 
-3  49.0 
+  2  22.0 

12  tr,  4 
3     ,  1 
N  tr,  3 

The  two  stars  B.D.  +20  1011  and  +20  1896 
were  kindly  observed  by  Professor  Ti  ckeh  with  the 
Lick  Observatory  Meridian  Circle.     The  epoch  of  the 

Yerkes  Observatory,   Williams,   Wiscoi 


observations  was  1020.17.  System  of  A merican  Ephem- 
eris.  There  were  two  observations  each.  The  esti- 
mated magnitudes  were  9.6  .-1111!  0.4  respectively. 


Additional  Observations  of  Sola's  Asteroid 


The  following  additional  measures,  which  I  have 
■  ,1  since  the  preceding  observations,  arc  added  to 
the  proof. 

It  is  only  justice  to  AIh.  Sola  to  state  here  thai  he 
was  mil  responsible  for  the  asteroid  being  called  a 
"comet"   in  the  telegram  senl    to  this  country.     His 


original  annoui menl  printed  in  Beobachtung-Zirkular 

der  Astronomischen  Nachrichten  No.  -1,  1020,  Jan.  25, 
simply  states  thai  the  asteroid  was  probablj  a  new  one. 
This  error  (the  statemenl  thai  il  was  a  comet)  may 
cause  trouble  in  future  references  to  the  object.  In 
Professor  Louis  Lindsey's  valuable  paper  in  Astro- 
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nomical  Journal   No.    7(i7.    which   gives   elements   and  |  substituted  throughout  for  "comet. 
ephemeris  of  the  asteroid,  the  word  asteroid  should  !>e 


Visual  Measures  of  the  Asteroid 


Date 

Cent.  Stan. 
Time 

Ja  cos  8 

4  a 

Jo 

i  !omps. 

a  App. 

3  App. 

logpJ 

* 

1!I20 

Feb.    Id 

Urns 

7  25  49 

-243.4 

-0  17.21 

-(I  20.7 

5  .  8 

h      m      s 

7  34  48.71* 

+  19  27  10.3 

9.4786« 

0.5966 

7 

10 

8    6  L9 

-207.7 

-0  L8.94 

-0  31.1 

4  .  0 

7  34  46.98 

+  19  20  59.9 

9.3729k 

0.5775 

7 

12 

13    7  46 

-    60.4 

-0    4.20 

-0  42.9 

4  .  1! 

7  32  55.08 

+  19  12  40.9 

9.5263 

0.6170 

8 

14 

7  16    9 

- 130.4 

-0  19.19 

-3  34.1 

5  .  0 

7  31  34.03 

+  19     1  17.0 

9.4548?? 

0.5955 

9 

19 

L0  12  -44 

+  1T.0.4 

+  0  10.57 

:;  36.  i 

4  .  6 

7  28  11.39 

+  18  28  L2.4 

9.1703 

0.5647 

10 

.Mar.     9 

10  11  20 

+  203.4 

+     14.15 

+  0  27.0 

4  .  7 

7  23  11.4 

+  16  33.6 

9.3674 

0.6075 

11 

May     s 

8  31  42 

-    99.1 

-0    6.73 

+  0  31.3 

4  .  0 

8    7  49.98 

+  10  54  26.4 

9.5527 

0.7050 

12 

15 

8  24  12 

-104.3 

-0     7.00 

+  3  12.0 

3,  6 

8  10  42.86 

+  10    S30.2 

'.i  5658 

0.7177 

13 

18 

8  29  19 

-    31.4 

-0    2.12 

+  0  2S.2 

3  .  o 

s  10  54 

+   9  52 

9.5821 

0.7220 

14 

2o 

8  40  38 

+    86.1 

+  0    5.81 

-3  25.1 

4,  6 

8  29  52  ± 

+   8  59.3 

9.6075 

0.7372 

15 

I ■; i u  1 1 t  ascension  possibly  a  little  uncertain. 


Mum  Places  of  Comparison  Stars 


* 

a  1920.0 

S  L920.0 

Red.  to 

Ai.pt. 

Authority 

7 

h       m        s 

7  :;:>    3.31 

+  19  27  42.5 

+  2.61 

-11.5 

13H  mag.     <  iompared  with  B.  D.  +19c  1793. 

s 

7  32  50.71 

+  19  13  35.6 

+  2.60 

-11.8 

11  mag.     Compared  with  Berlin  .1.  '.'.  C.  2939. 

9 

7  31  40.04 

-19     5     3.4 

+  2.58 

-11.7 

11  ±  mag.     Compared  with  Berlin  .4.  G.  C.  2939. 

10 

7  27  58.29 

L8  32    0.3 

-11.5 

13.2  mag.     1  lompared  with  Berlin  .1.  G.  C.  2886. 

11 

7  22  55.1 

10  .13.3 

-11.5 

lo  mag.     Compared  with  B.  D.  +16    1470. 

12 

s    7  55.28 

+  10  54    8.8 

+  1.43 

-  13.5 

12  mag.     Compared  with  Leipzig  .1.  <•'.  C.  3307. 

13 

8  16  48.56 

+  10     5  31.S 

+  1.36 

-13.0 

12  mag.     Compared  with  Leipzig  .1.  '..  C.  3365. 

14 

s  20  14 

+   9  52 

+  1.30 

-  L3.5 

12  mag.     Position  from  corrected  ephemeris  of  asteroid. 

15 

8  29  45  ± 

+   9     3± 

+  1.32 

-13.7 

12  mas.      Position  from  corrected  ephemeris  of  asteroid. 

Measures  of  Comparison  Stars 


U.i 


An  ens  6 


Comps. 


1920    Fell.     10| 
Mar.     6 
9) 

14 


Mar 

Apr. 
May 


3) 


Star    7  —  B.  D.  +19°  1793 

Star  s  —  Berlin  .1.  <i.  C.  2939 
Star  9  —  Berlin  A.  G.  C.  2939 
Star  10  —  Berlin  A.  a.  C.  2886 

Star  11  —  B.  1).  +UV  1476 

Star  12  —  Leipzig  A.  G.  C.  3307 
Star  13  —Leipzig  A.  G.  <'.  3365 


+  108.2 

+  142.6 


-0  36.80 

+  0  7.0  1 
-1  8.46 
+  0    10.03 

+  1    19. 16* 

+0  49.62 

+  0  5s. 22 


-1  43.7 

+  7  33.1 

-0  59.1 

-0  10.0 

-3  17.3 

-1  15.6 

-2  17.9 


9    ,  10 

12ir.     4 
-I    ,     -1 

lOtr,     4 

14tr,     4 
14tr.     3 


*The  two  sets  discordant  by  0.10. 
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The  star  B.  D.  +  19°  1793  was  compared  with  Berlin 
A.G.C.  2963. 

Aa  -  47".3  (4)  =  -II"1  3".35,  A5  -  3'  L3"  3     1 

This  gives  for  B.  I).  4-19°  1793, 

1920.0  a  7,!  3.V"  10.11,  8  +  19°  29' 26".2 

An  intermediate  star  (k,  13  mag.)  was  compared  with 
B.  D.  +19°  1793. 

Aa  -  311". i;  (8)   =    -()'"  228.03,  A3  -   V  10". 2  (  13) 
This  gives  for  k, 

1920.0  a  7'1  3.V-  is. OS,  8  +  19:  28'  Hi". 0 
The  star  k  was  also  compared  with  Star  7. 

Aa  +  208". 9  (8)  =  +0'"  14s.77,  Ao  +  0'  33".5    8) 


In  the  measures  for  the  position  of  Star  8  on  Feb- 
ruary 11  an  intermediate  star,  .1,  was  used. 

.4  —  Berlin  A.  G.  C.  2930 

Aa  +  238".3     1 1  =  +0'"  l(i-.N2,  Ao  +  4' 37". 7  (5) 

Star  8  —.4 

Aa  -  130". I  (5)  =  -()"■    9U8,  Ao  +  2' :>:>". 7  (5) 

The  following  estimations  of  the  brightness  of  the 
asteroid  were  made  at  the  time  of  the  observations. 

Feb.   10     11  magnitude;   0M. 2  fainter  than  Star  7. 
12     Slightly  brighter  than  Star  8. 
14     0M.3   fainter   than    the   small   star    1'   north 

following. 

19     12. s  magnitude. 

Mar.    9     12.7  magnitude. 

May     8      12.9  magnitude. 

1")     13     magnitude. 

E.   E.  B. 

May  20    1920. 


COMMUNICATION.    THE  REDISCOVERY  OF  WOLF'S  COMET  IX  L918. 


Gentlemen: 

In  A.. J.,  No.  763,  Barnard  writes  with  reference  to 
the  rediscovery  of  Wolf's  Cornel  in  1918:  "On 
July  16th,  announcemenl  was  received  in  this  country 
that   it   had  been  found  on  July  9th  at  Greenwich  by 

JONCKHEERE    who    gave    all    approximate    position    of    0 

(H.  C.  O.  Bulletin     No.     666).     This     was     our     firsl 
intimation  that  the  cornel  bad  hern  seen  elsewhere." 

I  would  like  to  stare  that  in  The  Observatory  and 
Nature  it  was  announced  in  May  ami  June  1918  that 
I  was  searching  with  the  28-inch  refractor  of  Green- 
wich for  the  reapparition  of  Wolf's  Comet.  After 
two  months' labor  1  succeeded  in  locating  it  on  the 
evening  of  July  9th.  It  was  then  near  the  Kith  mag- 
nitude.    Accurate    positions    were    obtained    all    thai 


night,  and  the  Astronomer  Royal,  a  \'rw  hours  later, 
wired  the  complete  and  accurate  coordinates  to  the 
Paris  Observatory.  Places  were  published  in  the 
Cum  pits  Rendus  de  l'Acad€mi(  des  Sciences  and  in 
Nature  and  the  magnitudes  in  The  Observatory.  I  asked 
the  Astronomer  Royal  to  cable  to  America,  bul  this 
expense  he  did  not  think  necessary.  1  should  cer- 
tainly have  done  so  had  I  been  at  Lille. 

I  do  not  know  who  sent  a  cable  from  Paris  to  Harvard 
College  and  cannol  be  held  responsible  for  iis  delay 
or   inaccuracy. 

I  am.  I  '.enilemen. 

Yours  sincerely, 

ROBERT   JONCKHEERE. 

Observatoire  De  V  Unwersile,  Lille,  le  SO  Mars,  1920 


NOTE   ON   COMMUNICATION   BY   PROFESSOR   JOXOKHEERE. 


Mr.  Jonckheere's  quotation  from  my  paper  in 
Astronomical  Journal  763  correctly  states  the  case. 
Full  credit  was  given  him  in  that  paper  for  Ins  redis- 
covery. The  fact  that  he  was  searching  for  the  comet 
in  no  way  implied  that  he  had  found  it.      His  discovery 


was  entirely  unknown   in   this  country   until   the  date 
specified  in  the  quotation.     No  slight  to  Mr.  Jonck- 
heere    was    either    implied    or    intended    in    my   com- 
munication. E.  E.  BARNARD. 
Yerkes  Observatory,  Williams  linn,  Wisconsin,  1920,  June  24. 
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OBSERVATIONS   OF   COMET   d   1919,    (FINLAY  — SASAKI), 

MADE    WITH    THE    FILAR    MICROMETER    'H     Tin:    433mm.    REFRACTOR    OF    LA    PLATA    OBSERVATORY. 

H,     NUMA   TAPIA    and    BERNHARD    H.    DAWSON. 


1919 

1,,  Plata  M.T. 

* 

in,. 

Aii 

-* 

a8 

&  App 

u 

1 1  •  iit  Place 

8 

in;;  /-A 
for  a                 for  8 

Nov.  24 

lirj:;    2.2 

1 

D 

s  .    8 

-  13.80 

-2   17.2 

(i  28  16.65 

+  4  10   13.1 

0.4041 

0.7369?2 

24 

in  Hi  36.7 

1 

T 

1(1  ,  10 

-   9.82 

-2     0.5 

0  28  20.64 

+  4  10  50. s 

9.4538 

0.7351// 

25 

0    5  59.3 

3 

D 

10  ,  10 

—  2:1.22 

+  4  35.5 

0  34  25.11 

+  5  12  33.1 

S.0053 

0.750".. 

25 

9  24     9.5 

3 

T 

1(1  .   10 

-  19.35 

+  5  22.5 

()  34  28.98 

+5  13  20.1 

9.1338 

0.7400// 

20 

H21    2.:. 

4 

D 

10  ,  10 

+  10.72 

—  (i  55.5 

0  40  40.41 

+6    7  is.:; 

0.0075 

0.7570// 

26 

',i  :;i  55.1 

4 

T 

10  ,  10 

+  20.20 

-0  34.6 

()  K)  49.89 

+  0     7  3 '.1.2 

9.1853 

0.75(17// 

27 

li  37  38.7 

5 

T 

10  ,  10 

+   8.63 

+  0  56.1 

o  46  56.03 

+  0  50    IS. 5 

9.1893 

0.7030/, 

28 

9  1  1  36.0 

7 

I) 

8  .    8 

4    0.93 

+  ()  27.0 

o  52  15.03 

+  7  4s  32.4 

s.osoo 

0.7725// 

28 

'.I  2.")  48.6 

7 

T 

10  .  10 

+   4.44 

+  0  57.3 

0  52  48.54 

+  7  49    2.7 

9.1035 

o  7715// 

Mean  Places  of  the  Comparison  Slur. 


a  1919.0 

Red.  to  App.  PI. 

0  28  26.13 

+  1.33 

+  4  21  32.8 

+  27.1 

( lonnected  with  *  2. 

o  27  39.69 

+4.33 

+4  2:;  58.6 

+  27.4 

A.  G.  Albany  OS. 

o  34   13. 00 

+4.37 

+  5     7       • 

+  27.3 

.1.  G.  Albany  14  1. 

0  40  25.28 

+4.41 

+  0  13  40.4 

+  27.4 

.1.  G.  Leipzig  II  242. 

o  46  12.00 

+  4.44 

+  0  58  25.1 

+  27.3 

<  !onnected  with  .  ii. 

0  45  56.54 

+4.44 

+  7     0     7.3 

+  27.3 

.1 .  <i.  Leipzig  II  270. 

0  52  39.62 

+4.48 

+  7  47  38.3 

+  27.1 

.1.  G.  Leipzig  II  320. 

(D.). 


(T). 


NOTES 

Cornel  was  a1  all  times  very  diffuse  and  withoul  a  well  defined  nucleus.  All  the  observations  of  the  comet 
were  made  by  dired  micrometer  measures  of  In  and  Ad.  All  observations  and  star  connections  have  been  cor- 
rected for  differenl  ial  refraction. 


AN   ANNUAL  TERM    IN   RIGHT  ASCENSION, 

By   1!.    MELDRUM   STEWART. 


In  two  recent  papers  M.  L.  Zimmer  has  drawn 
attention,  to  the  difference  in  clock  corrections  from 
evening  and  morning  observations,  and  the  consequent 
discordance  between  fundamental  right  ascensions  of 
the  same  star  determined  at  intervals  of  six  months; 
he  adds  the  suggestion  that,  though  contrary  to  our 
present  ideas  of  the  magnitude  of  parallax,  the  only 
apparent  explanation  of  I  lie  phenomenon  is  a  par- 
allactic el'leel  . 

It  does  not  -nan  clear,  however,  that  his  results 
ean  Oe  explained  on  this  hypothesis,  since  (he  par- 
allax in  right-ascension  varies  with  tin1  secant  of  the 
declination,  while  the  observed  differences  show  no 
I  iron.  Jour.  Nos   745  and  766. 


such  variation,  as  ma\  readily  0e  seen  from  the  follow- 
ing tabulation  of  thi  m  ian  A's  tor  the  different  zones 
of  decimal  ion  — 


s 

A 

8 

A 

+  30    to  +20 

=.038 

-20°  to 

-30° 

*.040 

+  20    lo  +10 

.048 

-30    to 

-40 

.038 

+  10     to          0 

.053 

-40    to 

-50 

.042 

I)     to    -10 

.010 

-50    to 

-71 

.042 

-  10    to    -20 

.012 

The   figures   used   have   been   taken  from  the  more 
extensive  data  of  the  first   paper;    the  mean  of  all  the 
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A's  is  s.042;  thai  for  the  6-hour  group  given  in  the 
second  paper  is  '.044. 

A  pari  of  the  differences  between  individual  stars 
may  no  doubt  be  due  to  parallax,  since  this,  when 
measurable,  necessarily  enters  the  A's  with  prac- 
tically its  full  value;  unless,  however,  the  above  figures 
should  be  materially  altered  by  the  inclusion  of  addi- 
tional data,  the  explanation  of  the  general  effed  on 
the  hypothesis  of  parallax  appears  to  be  definitely 
excluded.  \  similar  objection  exists  to  Prof.  Tuck- 
er's suggesl  ton    I  ha1  I  lie  cause  lie-'  in  lateral  refraction, 

since  the  effect  of  Ihis  also,  when  expressed  as  a  cor- 
rection to  right  ascensions,  would  vary  with  the  secant 
of  the  declination,  except  as  modified  by  a  possible 
zenith  distance  effect . 

If    it    should    prove,    as    appeal-    from    the    present 


somewhat  limited  data,  that  the  effect  is  really  in- 
dependent    of    the    declination,     the    explanation     must 

evidently  lie  in  some  diurnal  fluctuation  winch  affect." 

the   observed    time   of   transit    of  all   stars   alike,   and 

which  acts  similarly  to  a  diurnal  change  in  clock-rate, 

li    apparently    too    regularly    to   be   attributable 

to    this    cause.       It     constitutes    a     very     real     problem, 

whose    solul ,    a-     Mr.    ZlMMEK    remarks,    is   essential 

to  the  satisfactory  progress  of  fundamental  astronomy. 
Ii  appears  desirable  to  find  definitely  according  to 
wliai  law  it  depends  on  the  sun's  hour-angle;  also 
whether  it  depends  at  all  on  the  season  (that  is,  on 
the  sun's  declination)  and  on  the  latitude  of  the  place 
of  observation;  for  the  latter  the  co-operation  of 
different  observatories  would  of  course  he  essential. 

Dominion  < 


SUNSPOT   OBSERVATIONS, 

M  \ei      \  i    m  >;v,  -i  >  .    PEXN.    with    A    I  '       i     ■ 
B-s    A.   W.   QUIMB 


1920 

Time 

New 
Grs 

Total 
Grs.  Spots 

i  a.i 

I 

Def. 

192 

Time 

I'.itai 

Gi 

Def 

1920 

"mPiGIs. 

Total 
Grs.   Spots 

Fac. 

D.  i 

Jan.      1 

12 

1 

56 

1 

fair 

Feb.   12 

8 

2 

10 

pooi- 

Mar.  17 

7 

i 

46 

1 

2 

8 

t 

45 

1 

fair 

13 

12 

3 

5 

32 

1 

iair 

IS 

7 

i 

50 

1 

fair 

8 

1 

70 

1 

fail- 

14 

0 

2 

7 

54 

2 

fail- 

211 

S 

1 

2 

50 

1 

poor 

-1 

8 

1 

2 

38 

2 

15 

0 

6 

36 

3 

poor 

21 

s 

1 

3 

100 

2 

5 

8 

1 

32 

2 

10 

1 

6 

32 

3 

fail- 

22 

7 

3 

1  10 

2 

fair 

6 

s 

1 

13 

2 

fair 

17 

0 

1 

7 

11 

3 

fa  ir 

23 

7 

:; 

L75 

2 

fair 

7 

11 

1 

3 

pool- 

18 

8 

1 

8 

20 

:; 

fair 

21 

7 

1 

2 

I0S 

3 

fail- 

10 

8 

2 

3 

10 

2 

fair 

10 

1 

8 

20 

:; 

fail- 

25 

7 

2 

70 

2 

la  il- 

12 

8 

1 

3 

s 

pooi- 

20 

8 

6 

19 

2 

fair 

20 

3 

1 

3 

l:i 

2 

ia  ir 

13 

s 

3 

8 

poor 

21 

8 

6 

21 

1 

1  ail- 

27 

7 

2 

12 

1 

fair 

1  1 

8 

10 

2 

fail- 

22 

4 

2 

7 

32 

3 

fa  ir 

28 

7 

2 

2 

1 

15 

8 

3 

12 

2 

21 

8 

6 

6 

2 

poor 

20 

3 

1 

1 

1 

fair 

17 

s 

:; 

li 

1 

fair 

2o 

7 

1 

1 

v.p. 

30 

7 

1 

2 

2 

1 

fair 

18 

8 

2 

5 

8 

1 

fair 

20 

8 

1 

2 

20 

:: 

fair 

:;i 

7 

2 

2 

2 

fair 

20 

9 

4 

•"> 

2 

fail- 

27 

s 

2 

10 

2 

fail- 

Apr.     1 

3 

2 

2 

1 

fail- 

25 

9 

1 

2 

80 

poor 

28 

8 

1 

13 

2 

2 

3 

1 

1 

poor 

27 

8 

2 

SO 

1 

fail- 

20 

1 

1 

10 

1 

poor 

3 

7 

1 

1 

2 

fail- 

28 

9 

2 

00 

1 

poor 

Mar.     1 

s 

1 

5 

1 

poor 

5 

7 

fair 

29 

9 

2 

72 

2 

poor 

2 

8 

1 

5 

2 

fail- 

0 

7 

2 

Fair 

30 

8 

1 

11 

1 

] r 

3 

8 

1 

1 

1 

fair 

7 

0 

fair 

31 

8 

1 

21 

2 

pooi- 

4 

8 

1 

3 

1 

fair 

8 

i 

faii- 

Feb.     1 

8 

1 

13 

2 

poor 

0 

8 

1 

1 

2 

1 

1  ail- 

0 

7 

- 

ia  I  r 

■_> 

1 

poor 

7 

1 

1 

1 

2 

7 

poor 

10 

5 

1 

1 

1 

1 

fa  il- 

:: 

1 

pooi- 

8 

8 

1 

3 

20 

1 

fail- 

11 

7 

1 

1 

1 

ia  ii- 

6 

2 

- 

poor 

9 

8 

:; 

36 

1 

fair 

12 

7 

1 

1 

1 

fa  ir 

7 

8 

1 

1 

L5 

1 

fan- 

10 

8 

3 

12 

1 

fan- 

13 

5 

1 

2 

3 

1 

fail- 

8 

12 

1 

2 

20 

1 

taii- 

11 

8 

1 

4 

10 

3 

fair 

14 

5 

2 

0 

1 

fair 

9 

8 

2 

20 

1 

fail- 

12 

3 

4 

Ml 

2 

fail- 

L5 

7 

2 

0 

1 

fail- 

10 

4 

1 

3 

i:> 

1 

fair 

1  1 

4 

- 

1 

1 

1 

fair 

16 

10 

- 

2 

2 

poor 

11 

10 

3 

5 

15 

1 

fair 

15 

7 

1 

1 

1 

1 

fair 

18 

7 

2 

2 

fair 
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1920 

Me«         Total 
Time  |  Grs  '  Grs    Spots 

Fac. 

! 

Del. 
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May   14 
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2 

4 
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June     8 

7  1 

2 

6 

2 

fail- 

l'ii 

7 

1 

1 

fair 

L5 

li 

1 

1 

1 

fail- 

9 

6 

1 

3 

16 

2 
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21 

7 

1 

1 

fair 
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7 

- 

- 

1 

fair 

10 

5 

- 

2 

20 

1 

good 

22 

7 

1 

1 

1 

fair 

17 

7 

1 

1 

1 

2 

fair 

11 

7 

- 

1 

10 

1 

fair 

23 

7 

1 

fair 

18 

7 

1 

2 

2 

fair 

12 

6 

1 

17 

1 

;-: 1 

24 

7 

1 

fair 

1!) 

7 

1 

1 
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13 
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1 

10 

1 

poor  . 
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1 

1 

1 
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7 

1 
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14 
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14 
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1 

1 
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15 

7 

2 

17 
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1 

2 

4 
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22 

7 

1 

2 

2 

1 
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16 
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2 

10 

2 
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7 

2 

6 
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23 

12 

2 

5 
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17 

7 

1 

3 

3 

1 
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7 

2 

5 

fair 

24 

12 

1 

4 
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18 

5 

2 

3 

2 

fail- 

May     1 

6 

1 

2 

3 

fair 

25 

!i 

1 

4 
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19 

7 

2 

4 

1 

fair 

2 

7 

1 

3 

6 

2 

fair 

26 

5 

2 

2 

21 

1 

fair 

20 

7 

- 

2 

8 

1 
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:; 

7 

1 

4 

11 

2 
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27 

7 

1 

4 

24 

1 
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21 

6 

1 

:; 

ti 

1 
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4 

7 

2 

3 

6 

1 
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28 

7 

3 

21 

1 
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22 

7 

- 

3 

8 

1 
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5 

7 
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1 

8 

2 
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29 

6 

:: 
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1 

23 

7 

3 

8 
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6 

7 

4 

6 
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30 
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2 

5 
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24 

7 

1 

4 

Hi 

2 
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7 

3 

1 

1 

18 
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31 

7 

5 

18 

2 
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25 

6 

1 

5 

12 

2 
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8 

7 

:; 

11 

1 

fail- 

June     1 

6 

4 

25 

3 

1  au- 

26 

7 

4 

8 

2 

l'air 

9 

5 

1 

1 

21 

3 
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2 

6 

4 

22 

3 

la  ir 

27 

7 

1 

4 

8 

4 

fail- 

10 

7 

4 

18 

:; 
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3 

6 

3 

16 

2 

fair 

28 

6 

1 

4 

12 

5 

fair 

11 

7 

:; 

8 

1 

fair 

4 

1 

1 

16 

poor 

29 

7 

4 

10 

:; 
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12 

7 

3 

s 

1 
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6 

7 

2 
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fail- 

30 

4 

3 

18 

2 

fair 
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12 

2 

2 

poor 

7 

7 

1 

2 

4 

2 

fair 

OBSERVATIONS  OF  THE   ECLIPSE   OF    Till-:   SUN,    DEC.   :i    1918, 

By   BERNHARD  H.   DAWSON. 


On  two  plates  obtained  during  tin-  annular  phase 
and  "iit-  a  few  seconds  after  third  contact,  the  following 
differential  coordinates,  Moon  — Sun,  were  deduced: 


L918 

.1 


The   coo)  I 

plates  were  n 


C.  M.  T. 

ll  HI 

3     7  59.9 

3   10    lo.l 
3    11    .V.i. 2 


-25.46 

•  23  23 
4-39.90 


■36  26 
-44.53 
-  13.64 


the 


nates    of    the    telescope    with    whic 
itained  an-: 

X  =  +57   56'    9".9 
#  =   -34    54   34   .;> 

/  =   -34    43   42   .3 
Logp  =  o.ooo  526 


A  comparison  of  i  tie  observed  different  ial  coordinates 
with  values  deduced  from  the  Elements  given  on  page 


550  of  tin-  American  Ephemeris  leads  to  the  indicated 
corrections  to  tin-  geocentric  place  of  the  Moon  ami  of 

the  axis  of   the  shadow: 


ens  o  A  a  =   +3". 35 

Ao     =    -3    .si) 


0".93         A.r  =  +0.00101 
1    .00  A//  =   -0.00115 


Owing  tn  clouds  it  was  impossible  to  observe  any 
contacts  except  i  he  third,  and  that  was  nut  obtained 
accurately.  It  is,  however,  in  substantia]  agreement 
with  the  corrections  above  deduced. 

Details  of  the  measures  and  reductions  will  be 
published  in  a  future  volume  of  the  Publicaciones  del 
Observatorio  dt  La  Plata,  and  will  be  communicated  mi 
request.     . 


La  Plata,    I 
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<)N    THE   ORIGIN   OF    PERIODIC   COMETS, 

Bi    HENRY    NORRIS    RUSSELL. 


It  is  well  known  thai  certain  short  period  comets 
have  been  diverted  into  their  present  orbits  by  close 
encounters  with  Jupiter,  previous  to  which  their 
periods  were  much  longer  than  al  proem;  and  for 
this  reason  the  numerous  comets  with  periods  between 
five  and  nine  years  are  often  described  as  belonging  to 
er's  "family."  It  is  also  generally  supposed  thai 
the  comets  of  somewhal  longer  period  belong,  in  the 
same  sense,  to  the  "families"  of  Saturn,  Uranus  and 
Neptune.  Strong  evidence  againsl  the  real  existence  oi 
Neptune's  family  has  however  been  presented  by  H.  C. 

Wll     ON   (1). 

It  is  the  purpose  of  the  present  discussion  to  examine 
the  validity  of  the  common  supposition  as  regards 
captures  by  the  outer  planets,  and  to  extend  the 
results  to  comets  of  still  longer  p 


1 


The  theory  of  the  capture  of  comets  by  planet-  has 
been  entensively  studied,  notably  by   II.  A.   Newton 
i  la)  from  whose  discussion  the  following  results  maybe 
ed: 

(a)  It  is  possible  thai  an  originally  parabolic  orbit 
may  be  transformed  by  a  single  encounter  with  any 
one  of  the  major  planets  into  an  elliptic  orbil  with 
period  shorter  than  thai  of  the  pla  tit  t,  and  even  thai 
the  comet  may  be  sto]  id,  so  that  it  falls  into 
the  Sun. 

(b)  Such  great  perturbations  will  occur  only  when 
the  encounter  is  very  close,  so  that  they  will  be  rare, 
and  for  every  case  in  which  they  happen,  there  will  be 
a  much  larger  number  in  which  the  perturbations  are 
.smaller,  and  the  period  after  the  encounter  i-  longer. 

Newton  calculates  that,  out  of  109  comets  which 
enter  a  sphere  described  about  the  Sun,  with  radius 
equal  that  of  Jupiter's  orbil  (assumed  circular)  the 
number  which  have  their  orbits  changed  into  ell 


with  a  period  less  than  half  thai   of  Jupiter  should  be 
126.     Those    with    perio  than   Jupiter's  should 

r    839:     with    periods    less    than    twice    Jup 

2670:    and  so  on. 

Of  the  captured  comets  the  majority  will  be 
moving  in  direct  orbits.  Newton  calculates  thai  out 
of  the  839  comets  with  period  less  than  Jupiter's  257 
should  have  inclinations  less  than  30°,  and  only  51 
inclinations  exceeding  150°.  Moreover,  those  with 
direct  motions  are  much  more  likely  to  have  their 
II  further  shortened  ai  a  subsequent  en- 
counter than  to  have  (hem  lengthened,  while  the 
reverse  is  i he  case  for  i hi'  comets  with  retrograde 
motion. 

Finally,  and  obviously,  tin  orbits  of  the  cap- 
tured comet.-  will  continue  to  pass  near  lo  those  of  the 
iring  planet,  unlil  they  are  gradually  shifted  to  a 
greater  distance  by  the  cumulative  effecl  of  planetary 
perturbations  of  the  ordinary  type.  Further  close 
encounters  with  tin  original  capturing  planet,  or  with 
M.me  other  planet,  may  be  excluded  from  I  his  state- 
ment, if  we  agree  to  assign  a  cornel  to  the  family  of  the 
planet  which  it  last  encounters.  The  probabilitj  of 
such  additional  encounters,  however,  is  enormously 
greater  for  a  captured  cornel  than  for  "tie  moving  at 
random,  and  encounters  with  a  second  planet  are 
possible  if  the  inclination  of  tie-  orbil  is  small  after 
capture.      I'  ors,    as    Newton    shows,     maj 

operate  to  cause  a  very  considerable  increase  in  the 
number  of  comets  with  short  period,  direct  motion, 
and  -mall  inclinal  ion,. 

C  Main  other  results,  not  expressly  stated  by  New- 
ton, but  following  from  his  equations,  may  be  men- 
tioned. 

(e)  NEWTON  proved  thai,  if  a  planet  of  mass  m 
moves  in  a  circular  orbil  of  radius  r,  and  a  very  large 
number  of  comets,  moving  at  random  m  parabolic 
orbit-,  approach  the  Sun  within  the  distance  /',  the 
fraction   /•'  of  the  whole  number  which  will   have  their 
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orbits  changed,  by  a  single  encounter  with  the  planet, 
into   ellipses   of   mean   distances   less   than    .1    will   be 


/•  = 


4./ 


-c-^y>    ' 


where  the  range  of  integration  extends  over  all  values 
of  s  greater  than  \  2  -  1.  which  make  the  integrand 
positive.     It'  in  this  expression  we  sel 


r  =  (X2 


l  ia, 


the  limits  of  integration  are  1   -  X  and  1*  +  X  pro 

\  •    2  -\  2.    bu1    are  \  2  -   1    and    I  +  X  if  X 
exceeds  this  limit.     In  the  former 


3 


and  in  the  latter 


F  = 


1  +\  2 


: 


X 


\   2  -  1 


2 


These  equations,  though  not' given  expressly  by 
\i  w  roN,  must  have  been  used  by  him  in  deriving  the 
-  given  under  (6)  above. 

When  a  is  considerably  greater  than  A'  the  factor 
in  parenl  hi  sis  in  (3    may  be  expanded  in  a 


4  _  2  +  V'2  r2    ,     \   2  r 
3  s        a2  H     96    a 


which   is  so  rapidly  convergent    thai    for  all   practical 
purposes   we  may  write 


I 


whenever  a  >  3r. 


The  number  of  comi 
ever,  greater  for  the  remoter  planets.     Nev 

i  the  conn  ing  at  random  in  parabolic 

orbits,  the  number  which  enter  a  spl 

about    the   Sun    as   centre,   per   turn    o 
will  be  proportional  to  r       from  which  it  follows  thai 
number  which   have  peri- 

than   q   will    be  •         •     the 

:ets  which  during  a  y 
val  of  time,  are  diverted  by  a  given  plain  l    into  I 
.  .  ,  ,.  ,  .  .4    ///-  fl2 

orbits  oi    mean    distance    less  than  a  is     ,  times 

the  number  which  approach  the  Sun  within  the  unit 
of  distance  during  this  interval,     lint    many  of 


captured  comets  will  have  large  perihelion  distances, 
and  escape  observation.  If  we  assume  that  the  same 
fraction  of  them  have  perihelion  distances  less  than  q 
as  in  the  case  of  the  original  parabolic  comets,  (which 
should  be  nearly  true  in  the  majority  of  cases,  where 
the  perturbations  are  small)  we  find,  for  the  number  of 
captured  comets  which  will  have  mean  'distances  less 
than  a  and  perihelion  distances  less  than  </  the  fraction 

-    — 7r-t  of    all    those    wbich    enter    the    unit-sphi  re. 

This  expression   holds  good   when  if  is  large  compared 

with  /■;    but.  if  <j  is  small  compared  with  r  it  remains  a 

approximation    for    smaller    values    of    a,-    the 


■■    in    the   coefficient    F, 


which    is   ,,   whin   a 


Iarg(  npensated  by  the  ■  ion  of  the 

don   distances   toward   small   values   which    nec- 
essarily occurs  whi  n  a  is  less  than  r. 

If  we  se1  q  =  2.  corresponding  roughly  to  the  limit 
ich  counts  are  likely  to  escape  observation, 
and  a  =  100  I   that,  out  of   100,000,000  a 

which  Sv  n  of  radius 

equal  to  the  Earth's  mean  distance,  the  number  which 
are  changed  by  capture  into  comets  visible  from  the 
and  of  period  less  than  1000  years,  by  the 
action  of  Jupiter  will  be  90,000;  by  Saturn  2400; 
by  Uranus  14;   and  by  Neptum  8. 

If  the  limiting  period  is  made  shorter,  the  relative 


predominance  of  Jupiter 

Chi     1  :  •  cts    of 
given  by  the  equations 


1   be  still  greater. 
individual    encounter   are 


1 


=  i  + 


1 


' 


j^  .1-  +  (P  +  h-  sin-  6 
■iiu  A  cos  6  +  h  sin'  6 


(5) 


In  (4)  a'  and  a"  are  the  comet's  mean  distance-  bi  lore 
and  after  the  encounter.  If  the  original  orbit  is 
parabolic,  the  mean  distance  after  the  encounter  is  o. 
In  equation  (5)  d  is  the  least  distance  between  the 
planet's  orbit  and  the  undisturbed  orbit  of  the  comet: 
S  the  ratio  of  the  undisturbed  velocity  of  the  comet, 
relative  to  the  planet,  to  thai  of  the  planet,  relative 
to  the  Sun;  8  the  angle  between  these  two  velocity 
vector  1  hich  the  planet   has  still  to 

go  to  reach  the  point  on  its  orbit  which  is  nearest  the 
's    undisturbed    orbit    at    the    instant    when    the 
comet,   if   undisturbed,   would   reach   the  point    on   its 
•  :bii   which  is  nearest   the  planet's  orbit;    and  A 
eal   semi-axis  of   the   hyperbolic  orbit    which   the 
cornel  aboul     the    planel     during    the    en- 

counter. 

These  equations  have  been  derived  by  Newton 
with  the  usual  approximations,  (neglecting  the  per- 
turbations   of    the    comet     by    the    planel     when    it    is 
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remote  from  the  latter,  and  by  tin-  Sun  when  ii  is 
near  the  planet)  but  arc  correal  to  the  first  order  of 
small  quantities,  and  applicable  to  all  encounters, 
whatever  the  eccentricity  of  the  planet's  orbit.     It'  the 

...  .      .        . .  ,         ,         in  <i  \ 

latter   is   circular,    and    ut    radius   Oi,  then  .1  : 

S" 

in  t  he  more  general  case,  if  r  is  t  he  distance  of  t  he  planel 
from  the  Sun  at  the  time  of  the  encounter,  and 
mean   distance 


;//  Hi  r 


(6) 


If  the  orbit  along  winch  the  cornel  approaches  the 
planet  is  given,  all  the  quantities  which  appear  in 
i.'n  are  tixed  with  exception  of  h,  which  defines  the 
circumstances  of  the  encounter,  and  may  be  so  de- 
termined as  to  make  the  perturbation  a  maximum. 
The  condition  for  this  is  readily  found  to  be 


h  = 


A3  +  <P 


which  gives 


.1  cos  9  ±  VA*  +  cP  sin2  9 


A-  +  d» 


•2,ii    \  cos  g  ±  y/A2  +  <P  sin2  0 


(7) 


The  positive  sign  of  the  radical  corresponds  to  the 
maximum  perturbation  in  the  direction  of  the  ellipse, 
and  negative  sign  to  the  maximum  in  the  direction  of 
the  hyperbola. 

It  follows  from  (6)  that  .1  is  of  the  order  of  magni- 
tude of  mii\.  and  this  quantity  is  very  small.  Hence 
unless  the  distance  between  the  orbits  is  very  small, 
we  may  neglect  .4  in  comparison  with  d,  and  write 


srf 

'Ini  sin  9 


(8) 


(</)  It  is  of  interest  to  determine  how  near  to  the 
planet  a  comet  must  approach,  in  order  to  be  diverted 
from  a  parabolic  orbit  into  one  of  mean  distance  a. 
If  a  is  the  acute  angle  between  one  of  the  asymptotes 
of  the  hyperbolic  orbit  of  the  comet  about  the  planet 
and  the  line  of  apsides,  p  the  perpendicular  distance 
of  the  planet  from  the  asymptote,  and  q  the  distance 
at  pericentre,  then,  as  Newton  shows, 

p-  =  d'-  +  hr  sin'2  9, 

p  =  A  tan  a, 
q  =  A  (sec  a  —  1). 


If  now  we  set  d  =  p  sin  $,  ft  sin  9  =  p  cob  v.    5    I 

comes 


sA 


■im  cos  u  +  tan  a  sin  0  cos  \j, 

For   t  he   pri  -'in    purpose   we  may   tre  net 's 

orbit   as  circular,   and   set 

,    _ 

S" 

\\ '    i  hen   find 


a. 


i  I    —  cos  a)  I  cos  a  cos  9  +  sin  a  sin  9  co    4 

The   last    factor   is   this  expression    is   a    maximum,   and 
equal  to  unity  when  i/-  =  ()  and  6  =  a.     The  maximum 

value  of  COS  ail  1    —  cos  a)   is   '4   when  a   =   60°.       Hence 

we  have 


< 


4///  a- 


(9) 


At  the  limit  when  n  =  '  ._,  n>  we  have  i/:<///ij|.  \i;w- 
TON  shows  that  in  this  case  (when  the  comet  falls  into 
the  Sun)  the  actual  value  of  q  is  ma,i(-\/2  —  1). 

The  corresponding  distances  in  terms  of  the  planets' 
equatorial  radii  are  t.3  for  Jupiter,  and  2.8  for  Saturn, 
(or  1. '_'.")  times  the  outer  radius  of  the  rings.)  •_'.()  for 
Uranus  and  :i.(i  for  Neptune.  Hence  till  the  major 
planets  may  capture  comets  without  colliding  with 
them. 

In  the  case  of  the  Earth,  in  =  3.0  x  10  ""  while  the 
ratlins  is  43xl0-  astronomical  units.  Hence  a 
meteorite  captured  by  the  Earth  which  just  escaped 
collision  might  have  a  mean  distance  as  small  as  1.'.) 
and  a  period  of  2.6  years.  The  probability  of  such 
an  encounter,  however,  is  negligibly  small. 

Summarizing  the  results  of  theory,  we  find  that  if 
the  periodic  comets  owe  their  origin  to  capture  by 
planetary  perturbation  from  a  great  number  of  comets 
originally  moving  at  random  in  parabolic  orbits,  they 
should  show  the  following  characteristics: 

1.  Jupiter  should  be  responsible  for  almost  all 
of  the  captures.  Saturn  accounting  for  only  one 
comet  in  forty,  and  Uranus  and  Neptune  together 
for  only  one  in  four  thousand. 

2.  Of  the  comets  wdiich  owe  their  present  orbits 
to    a   single    encounter,    the    number    with    mean    dis- 
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tances  less  than  a  should  be  proportional  to  a-  —  or 

tabular    quantities,    strictly 

speaking,    represent    the 

the  number  of  periods  less  than  P  to  Pi     The  number 

minimum  of  the  dist 

ance  between 

any  point  on  the 

of   comets   with   periods   less   than    P   which    come   to 

perihelion  within  a  given  short  interval  should  there- 

Table I 

Short-Period 

Comets 

fore   lie   proportional  to  the  cube  root   of   the   period. 

Least  Distance 

Subsequent   encounters   tend   to   increase   the   relative 

Comet 

Period 

9 

2a  -q 

i 

d 

from  J ii inli  r 

proportions  of  short  peril  ids. 

° 

3.     The    comets    of    short    period    should    show    a 

Encke 

3.30 

0.34 

4.09 

12.6 

+  0.92 

preponderance    of    direct    motions    and    small    inclina- 

1766 II 

5.03: 

0.40 

5.46 

8.0 

-0.08: 

tions,  which  is  likely  to  be  very  pronounced  when  the 

1819  IV  (2) 

5.10: 

0.89 

5.03 

9.0 

+  0.31: 

effects  of  subsequent  encounters  are  considered.    These 

TEMPELo 

5.17 

1.32 

4.66 

12.7 

+  0.03 

of  long   period,   for  most   of   which   the   perturbations 

1884  II 

5.40 

1.28 

4.87 

5.1 

+  0.55 

have    been    relatively    small,    should    exhibit    nearly    a 

random  distribution  of  their  orbit   planes. 

1743  I  (2) 

5.43: 

0.86 

5.31 

1.9 

-0.02: 

4.     The  orbit  of  every  captured  comet  should  pass 

Brorsen 

5.40 

0.59 

5.61 

29.4 

-0.14 

close   to   that    of   the   planet    which   last    captured   it. 

1916  a  (3) 

5. 50 

1.34 

4.89 

1(1.7 

+  0.26 

The  remoter  the  date  of  capture,  the  more  the  original 

1886  IV 

5.59 

1.33 

4.97 

12.7 

-0.02 

minimum  distance  is  likely  to  have  been  increased  by 

1770  I 

5.60 

0.68 

5.63 

1.6 

-0.00 

the  accumulation  of  ordinary  perturbations,  but.  even 

in    sueh    a    ease,    there   should    be    many    more    comets 

Temtel-Swift 

5.6S 

1.15 

5.21 

5.4 

-0.58 

passing   near  the  planet's  orbit,   and   correspondingly 

1783 

5.89: 

1.46 

5.06 

45.1 

+  0.33: 

few  which   never  approach  it  closely,  than  in   the  ease 

WlNNECKE 

5.89 

0.97 

5.55 

18.3 

+  0.13 

of  a  random  distribution. 

1915  i 

6.36 

1.55 

5.29 

15.5 

-0.08 

L890  VII 

6.37 

1.82 

5.05 

12.8 

-0.43 

II  —  Observational  Data 

De  Vko 

6.40 

1.67 

5.22 

3.6 

+  0.22 

The  observed  characteristics  of  the  orbits  of  those 

1909  IV 

6.40 

1.38 

5.51 

19.4 

+  0.12 

comets  for  which  periods  of  less  than  2000  years  have 

Perrine 

6.45 

1.17 

5.76 

15.7 

-0.09 

been   computed   are   summarized    in   Tables    1    ami    II. 

(  rlACOBINI 

6.51 

0.98 

6.00 

29.9 

+  0.20 

The    data    are    taken    from    the    table    of    elements    of 

1892  V 

6.52 

1.43 

5.55 

31.3 

+  0.07 

periodic  comets  in  the  Appendix  in  the  Connaissance 

des    T<i»i>s  for   1915,   except    when  otherwise   noticed. 

TEMPELi 

6.54 

2.09 

L90 

10.  S 

-0.16 

The  first  column  gives  the  designation  of  the  comet, 

D'Arrest 

6.54 

1.27 

5.72 

15.8 

+  0.11 

—  comets  which  have  been  observed  at  more  than  one 

IS! Mi  V 

6.55 

1.45 

5.55 

11.4 

-0.56 

return    being    distinguished    by    the    names    of    their 

Kopff  (4) 

6.58 

1.70 

5.32 

S.7 

-0.04 

discoverers,  and  those  seen  only  once  by  the  year  of 

1858  III 

6.61 

1.15 

5.89 

19.5 

-0.07 

apparition.      The    second     column     gives     the    period, 

the   third   and   fourth   the   perihelion   and   aphelion   dis- 

Fixlay 

6.66 

1.01 

6.08 

3.4 

+  0.01 

tance-:,  and  the  fifth  the  inclination  of  the  orbit  to  the 

1918  a 

6.68 

1 .89 

5.21 

5.6 

+  0.47 

ecliptic.     These  are  usually  taken  from  the  definitive 

BlELA 

6.69 

0.88 

6.22 

12.4 

+  0.42 

elements,    and    represent     the    osculating    orbit     near 

Wolf 

6.80 

1.59 

5.59 

25.3 

+  0.05 

perihelion.     The  uncertainty  of  the  longer  periods  and 

Holmes 

6.S6 

2.12 

5.10 

20.8 

-0.36 

the   corresponding   aphelion    distances   is   usually    con- 

siderable.    The  mosi    doubtful  cases  are  indicated  as 

Borrelly 

6.93 

1.40 

5.87 

30.4 

-0.46 

usual  by  a  colon.     For  a  few  of  the  latesl   comets  the 

Brooks 

.7.10 

1.96 

5.43 

6.1 

-0.02 

elements    are    not    definitive,    but    are    based    on    long 

is; i5  II 

7.2(1 

1.30 

6.15 

3.0 

-0.08 

enough  observed  arcs  to  give  reliable  results. 

1894  1 

7.42 

1.15 

6.40 

5.5 

-0.16 

The  last  column  of  Table  I  gives  the  minimum  dis- 

Fate 

7.44 

1.67 

5.97 

10.6 

-0.10 

tance   between   the  orbit    of  each  of   the  short-period 

comets  and  Jupiter's  orbit.     In  Table   11.  which  deals 

1906  VI 

7.59 

1.63 

6.09 

14.5 

+  0.13 

with   the  comets  of  longer  period,  there  are  four  cor- 

SCHATJMASSE 

8.07 

1.23 

6.82 

17.7 

-0.34 

responding    columns,    giving    the    minimum    distances 

1881  V 

8.69 

0.73 

7.72 

6.9 

+  0.15 

from    the    orbits    of    the    four    major    planets.       The 

1889  VI 

8.92 

1.36 

7.25 

10.3 

+  0.65 
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comet's  orbit  and  that  point  on  the  planet's  orbit 
which  lias  the  same  heliocentric  longitude.  This 
would  be  rigorously  the  leasl  distance  between  any 
two  points  on  the  two  orbits,  it'  the  planetary  orbits 
were  circular.  The  actual  eccentricities  of  these 
orbits  are  so  small  thai  no  sensible  error  is  committed 
by  this  approximation,  which  saves  much  labor.  I  he 
calculations  were  made  with  a  slide-rule,  except  for  a 
few  cases  of  very  close  approach,  when  five-place 
logarithms  were  used. 

The  plus  or  minus  sign  is  prefixed  to  these  distances 
according  as  the  comet  at  the  point  of  nearest  ap- 
proach, is  north  or  south  of  the  planet.  It  must  be 
borne  in  mind,  however,  that  the  line  joining  the 
nearest  points  of  the  two  orbits  is  often  very  far  from 
perpendicular  to  the  plane  of  the  planet's  orbit,  so 
that  the  distance  from  this  plane  to  the  point  under 
consideration  on  the  comet's  orbit  may  be  much  less 
than  the  tabular  quantity. 


When  the  aphelion  of  the  cornel  falls  far  inside  the 
orbit  of  one  of  the  outer  planets  the  corresponding 
distance  between  the  orbits  is  omitted  in  the  table 
tor,  iii  a  few  cases,  placed  in  parentheses.) 

Fayet8  has  published  a  discussion  of  the  short- 
period  count-,  giving  the  minimum  distances  from 
Jupiter's  orbit  for  all  those  known  up  to  1911.  The 
values  for  the  comets  of  period  less  than  ten  years, 
and  observed  a1  only  one  return,  are  taken  from  his 
paper,  (except  for  these  which  have  appeared  since 
1911).  The  corresponding  data  for  the  comets  ob- 
served at  more  than  one  return  had  already  been 
calculated  when  Fayet's  paper  came  to  the  writer's 
attention.  Comparison  of  the  results  shows  that, 
when  the  same  orbital  elements  are  used,  the  difference 
between  the  values  i if  the  minimum  distance  obtained 
with    the   slide-rule   and    by    FaYET's   much    more   exact 

computations  was  0.008  astronomical   units,  — which 

is  considerably  less  than  I  he  variations  in  this  distance 


Comet 


Table  II — Comets  of  Longeb  Period 


./  a  /iii,  r 


Least  Distance  il  from 
Saturn  Uranus  Neptune 


TUTTLE 

12.1 

1.03 

9.5 

55.0 

-0.66 

+  2.15 

1846  VI 

13.3 

1.53 

9.7 

30.7 

-1.17 

+  0.52 

Mn:;  c  (6) 

17.6 

1.53 

12.0 

14.S 

+  0.94 

-0.71 

1866  1 

33.2 

0.98 

19.7 

L62.7 

+  0.79 

+  0.45 

-0.38 

(10.8) 

1867  I 

40.1 

1.58 

21. S 

18.2 

+  1.37 

+  1.49 

-0.83 

(  8.5) 

Westphal 

61.5 

1.25 

29.9 

40.9 

-0.36 

-2.4S 

-7.0 

-15.0 

L827  11  (7) 

63.8 

0.95 

31.1 

136.5 

•  1.32 

+  0.S5 

-1.00 

-   4.9 

Pons-Brooks 

71.6 

0.77 

33.7 

74.0 

-2.05 

-1.69 

+  1.16 

+    5.4 

Brorsen-Metcad     s 

72.1 

0.48 

34.2 

19.2 

-0.48 

-  1.67 

-3.86 

—    7.7 

Olbers 

72.7 

1.20 

33.6 

44.6 

-0.70 

-3.39 

-9.3 

-  16.1 

1846  IV 

75.7 

0.66 

35.1 

85. 1 

+  2.25 

+  l.sl 

-0.51 

3.8 

Halley 

76.0 

0.59 

35.3 

It ',2. 2 

-0.77 

-  1.73 

-4.7 

-    7.S 

L862  III 

120. 

0.96 

47.6 

113.6 

+  1.57 

+  0.S0 

-1.98 

-    6.5 

1889  III 

12S. 

1.10 

19.8 

31.2 

().:;:; 

-1.76 

-5.S 

-11.0 

L917  a  (9) 

189. 

0.19 

65.7 

32.6 

-  1 .53 

-  2.96 

-7.8 

-11.8 

is:, 7  IV 

235. 

0.75 

75.4 

32.8 

+  1.S7 

+  2.38 

+  3.5 

+   3.3 

is:,.",  11  (10) 

252. 

0.56 

79.3 

156.9 

+  0.54 

+0.48 

-0.65 

-    1.2 

1885  III 

275. 

0.75 

83.7 

59.1 

+  0.21 

-1.16 

-6.2 

-10.8 

L905  III 

2!  17 

1.12 

87.8 

40.2 

2.58 

-3.23 

-4.7 

-      1.0 

1874  IV 

306 

1.69 

89.1 

34.1 

+  1.71 

+  1.10 

+  0.030 

-    3.2 

L840  IV 

367 

1.48 

101.1 

58.0 

+  1.12 

-0.60 

-4.4 

-11.0 

1861  II 

409 

0.82 

109.3 

85.4 

-  1 .40 

-0.19 

+  2.4 

+    7.2 

1861  I 

lb", 

0.92 

110.4 

79.8 

-1.22 

+  0.11 

+  3.7 

+   8.6 

1898  I 

417 

1.10 

110.6 

72.5 

+  0.57 

-0.97 

-6.4 

-11.5 

1793  ir 

422: 

1.50 

110.9 

51.5 

-0.59 

-3.20 

-8.7 

-17.4 
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2a  —  q 

i 

stance  </  from 
Urai 

' 

A,: 

1843  I 

512: 

0.006 

12S.0 

144.3 

-3.00 

-5.02 

-10.9 

-lo.s 

-34 

is  Hi  VII 

537 

0.63 

131.6 

150.7 

-1.52 

-3.69 

-   8.3 

-13.1 

-20 

1906  VII  (11) 

583 

1.21 

138.5 

4-3.36 

+  4. no 

-   5.1 

+  4.3 

+  s 

1811  II 

755 

1.5s 

104.2 

31.3 

-0.90 

+  0.14 

-    2.4 

+    4.'.' 

+   9 

L886  V 

771 

0.27 

L67.9 

87.7 

-0.49 

+  O.H2H 

+   2.4 

+    5.0 

+  10 

L882  II 

772 

L68.6 

142.0 

-2.01 

-5.01 

-10.7 

-16.6 

-34 

1853  III 

782 

0.91 

16S.9 

122.2 

-2.13 

-1.83 

-    1.05 

+    1.2 

+   2 

1881  VIII 

793 

1.92 

100.3 

144. s 

+  0.39 

-1.19 

-    4.0 

-10.6 

-2)1 

1854  V 

'.".'4 

1.30 

197.9 

14.2 

+  0.31 

+  1.47 

+   3.6 

+   6.5 

+  12 

1887  II 

'.".i!) 

1.03 

10S.3 

104.3 

+  3.46* 

+  3.95 

+  3.8 

+    1.5 

+   3 

1855  I 

L059 

2.20 

205.6 

128.7 

-2.09 

-0.70 

+   2.7 

+   7.5 

+  14 

is:, I  IV 

1089 

0.80 

21H.7 

40.9 

-0.13 

-1.80 

—    5.7 

- 10.5 

-20 

1894  II 

1143 

0.98 

217.0 

87.0 

-1.24 

■    Ills 

+   3.9 

+  S.9 

+  17 

Is:,:;  l 

1215: 

1.00 

220.7 

159.8 

+  1.19 

+  3.03 

+   6.7 

+  10.4 

+  20 

1785  II 

1326: 

li.43 

240.8 

-1.47 

-3.::; 

-10.S 

-17.0 

-36 

L807 

1714 

0.65 

285.8 

63.2 

-2. "2 

+  3.91 

-    5.0 

+   6.3 

+  12 

1858  VI 

1S80 

0.58 

304.0 

117.0 

-l.K) 

-3.18 

-    8.2 

-15.3 

-30 

Closesl  approach  near  comet's  perihelion.     A  secondary  approach  at  - 


which  may  often  lie  caused  by  perturbations  during  a 
single  revolution  of  the  comet. 


Ill — Comparison    of    Observation    -with    the 
Capture   Theory 

When  the  observational  data  are  discussed  causti- 
cally the  familiar  distinction  between  the  "short 
period"  comets  and  those  of  long  period  is  conspicuous 
from  the  outset. 

The  distribution  of  the  periods  is  shown  in  Table  III 
in  which  the  data  have  been  extended,  with  the  aid 
of  the   Connaissanct  i    limiting  period 

of    Hi.ooo    years;     and    the    successivi  -    cor- 

respond to  equal  increments  of  the  cube  rool   of  tin1 
:.  and   hence,   on  the  simple  theory  of  capture, 
should  contain  equal  numbers  of  comets. 

reater  than  ten  years  the  numb 
comets    in  ssive    intervals    are    roughly    the 

same.  [ual  falling  off  in  the  n  comets 

of  very  long  period  i<  doubtless  due  to  the  imperfection 
of  the  record,  —  many  of  these  comets,  having  been 
led  by  computers  as  "parabolic."  Apart  from 
this,  the  differences  in  the  numbers  are  probably  no 
greater    than     might     arise    from    chani  such 

small  groups. 


Table  III.     Distribution  of  Periods 


Limiting  Periods 

0 

10 

80 

270 

640 

1250 

2160 

3430 

5120 

7200 

10000 


Number  of  Comets 

39 
12 


The  short-period  comets,  on  the  contrary  are  far 
more  numerous  than  was  to  be  anticipated  on  the 
theory  of  capture  at  a  single  encounter,  and  their 
periods  are  not  uniformly  distributed  over  the  tabular 
interval,  but  clustered  closely, — half  of  them  lying 
with  0.5  years  of  their  mean  value,  0.30  years. 

It  is  well  known  the  distribution  of  the  inclinations 
ig  radically  different  in  the  two  groups,  as  is  shown  in 
Table  IV.  Every  one  of  the  comets  with  periods  be- 
tween   10   and   2,000   years   lias  an  inclination   greater 
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Table  IV.     Distribi  riON   oi    [nclinations 


Short  Periods 

0°  t<>  10°  14 

10   to  20  18 

20   to  30  4 

30    to  40  2 

10    to  50  1 


Total  30 

Mean  Inclination   L3  .9 


Longer  Periods 

o  to  30  I 

3(1  lo  GO  14 

00  lo  00  9 

00  to  120  1 

120  I.,  150  6 

150  to  ISO  5 

Total  42 

Mean   Inrlinat  ion  88  . 1 


than  the  mean  inclination  of  tin'  short-period  comets. 
The  greatest  inclination  for  any  short-period  comet  is 
45°,  ami  two-thirds  of  the  comets  of  longer  period  have 
inclinations  exceeding  this.  Dividing  the  latter  group 
into  two  equal  parts,  it  appears  that  of  the  fust  half, 
with  periods  less  than  loo  years,  lti  are  moving  direct 
and  5  retrograde,  ami  the  mean  inclination  is  lit;  .S, 
while  out  of  these  cornels  having  periods  from  I0H  lo 
2000  years,  11  are  moving  direct  and  10  retrograde, 
and  the  mean  inclination  is  '.(7  .5.  Both  with  regard 
to  period  and  inclination,  therefore,  the  distribution 
of  the  comets  of  longer  period  is  very  much  what  might 
he  expected  as  a  result  of  capture  by  single  encounters. 
That  of  the  cornels  of  short  period  is  glaringly  different , 
and  indicates  that  they  owe  their  presenl  orbits  to  the 
cumulative  effect  of  perturbations  at  successive  en- 
counters with  Jupiter  (as  has  been  maintained  by 
Newton)  while  their  large  number  suggests  that 
disruptive  tidal  forces  at  the  time  of  encounter  have 
broken  up  the  original  comets  into  much  more  numer- 
ous fragments.  The  theory  of  such  disintegration  has 
been  worked  out  by  Callandreaxj  (12),  and  Fayet 
(13)  litis  pointed  out  several  groups  of  comets  which 
may  (litis  have  had  a  common  origin.  These  in- 
vestigations, —  to  which  the  present  discussion  adds 
very  little  —  confirm  the  general  belief  that  the  comets 
with  periods  less  than  ten  years  belong  to  Jupiter's 
"family."  The  mean  period  of  these  cornels  is  0.54 
times  (he  period  of  Jupiter,  and  their  mean  aphelion 
distance  (5.55)  is  1.07  times  Jupiter's  mean  distance. 
Are  similar  families  lo  be  found  among  the  comets 
of  longer  period?  Superficially,  the  evidence  tor  their 
existence  seems  very  favorable.  The  comets  with 
periods  between  ten  and  one  hundred  years  show  a 
rather  conspicuous  division  into  three  groups,  com- 
prising respectively  three,  two  and  seven  members, 
with  mean  periods  of  1  1.3.  :;ti.(i  and  7()..">  years,  and 
mean  aphelion  distances  of  lo.  I.  20.8  and  33.3  astro- 
nomical   units.     These   periods   are    respectively   0.49, 


0.44  and  0.43  times  thi   periods  of  Saturn,  Uranus  and 

Neptune,  while  the  aphelion  distances  are  1.09.  1.IIS 
and  1.11  line-  I  he  mean  distances  of  the  three  planets 
Lgainsl  1.07  for  Jupiter's  undoubted  family),  ll 
is  therefore  generally  believed  thai  these  three  groups 
of  comet--  have  actually  been  diverted  into  their 
presenl  orbits  by  encounter  with  Saturn,  Uranus  and 
Neptune. 

Among  the  comets  of  still  longer  period  there  are  I  wo 
conspicuous  groups  with  mean  periods  of  406  and 
77T>  years,  and  another,  less  sharply  defined,  near 
270  years.  May  these  perhaps  be  the  families  of' 
undiscovered  remoter  planets? 

Little  attention  appears  to  have  been  given  to  the 
fact  that  the  true  criterion  lor  detecting  a  captured 
comet     i-,    not     that     its    aphelion    distance    -hall    bi'    but 

little  greater  than  thai  of  the  capturing  planet,  but 
thai  ils  orbit  shall  pass  close  lo  I  he  planet's  orbit. 
The  former  result  is  attained  only  in  the  rare  cases 
when  the  perturbations  are  exceptionally  ureal, — or 
cumulative  in  the  same  direction  at  several  encounters: 
but  the  latter  happens  in  every  case  of  "capture" 
whether  I  he  resulting  period  is  short  or  long,  and, 
indeed,  even  if  the  orbit  is  rendered  hyperbolic. 

Upon  applying  this  lest    to  I  he  dala  of  Table   II   it   is 

found  that  two  oul  of  i  he  three  comets  of  "Saturn's 
family"  pass  fairly  near  the  orbit  of  I  he  planet;  the 
I  wo  which  are  assigned  to  Uranus  come  pretty  close 
to  his  orbit  ;  but  not  one  of  the  seven  members  of 
"Neptune's  family"  can  come  nearer  to  him  than 
3.8  astronomical  units,  while  all  of  them  may  come 
closer  than  this  to  Saturn  and  much  closer  to  Jupiter. 
The  reality  of  this  -the  largest  of  thi'  supposed 
families  —  is  thus  rendered  very  doubtful.  This  seems 
to  have  been  first  pointed  ou1  by  Grommelin,  (14)  in 
the  case  of  Halley's  Comet,  while  \Y.  II.  Pickering 
(15)  observed  that  the  same  difficulty  occurred  in  the 
case  of  the  other  members  of  the  group,  and  Wilson 
(  1  )  showed  I  hat   most   of  1  hem  might   better  be  assigned 

lo  other  planets  than   Neptune. 

Extending  the  study  to  all  comets  with  periods  less 
than  2000  years,  the  circumstances  of  possible  ap- 
proach to  the  major  planets  are  as  summarized  in 
Table  Y.  The  number  of  cases  in  which  the  ratio  of 
the  least  distance  il  between  the  presenl  orbits  of  the 
plain  I  and  comet  to  the  mean  distance  "  of  the  planet 
lies  between  specified  limits  is  tabulated,  separating 
the  cases  where  the  comet  passes  north  and  south  of 
the  planet.  The  lasl  column  for  cadi  planet  gives 
the  number  of  approaches  within  the  given  limits  of 
distance  which  might  be  expected  theoretically  under 
the  assumptions  explained  below.  The  whole  number 
of    approaches    is    less    for    I  he    outer    planets,    since    the 
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Table  V  —  Approaches  to  Planets 


0.0 

to  o.l 

0.1 

to  0.2 

0.2 

to  0.3 

0.3 

to  0.4 

(i.l 

to  0.5 

0.5 

tp  0.6 

Over      0.6 

All 


0.0 

to  o.l 

0.1 

to  0.2 

0.2 

to  0.3 

0.3 

to  0.4 

0.4 

to  0.5 

0.5 

to  0.6 

Over     0.6 

All 


North 


Jupiter 


Saturn 


9 

4 

13 

4 

9 

13 

2 

1 

3 

1 

7 

8 

3 

0 

3 

0 

2 

2 

0 

0 

0 

19 

23 

42 

I  'ranus 


Neptune 


Short-Period  Comets  and  Jupiter 


Theory 


0.0    to  0.1 

3 

5 

8 

8 

0.1    to  0.2 

4 

5 

9 

.8 

0.2    to  0.3 

6 

(i 

12 

7 

0.3    to  0.4 

3 

1 

4 

6 

0.4    to  0.5 

1 

3 

4 

6 

0.5    to  0.0 

0 

3 

3 

4 

0.6    to  0.7 

2 

0 

2 

3 

All 

19 

23 

42 

42 

6 
6 
3 

5 
42 


2 

6 

s 

7 

8 

1 

9 

7 

3 

(i 

9 

5 

1 

4 

5 

5 

0 

4 

4 

4 

0 

4 

1 

3 

0 

0 

0 

8 

14 

25 

39 

39 

0.0    to  0.1 

2 

1 

3 

i 

0.1    to  0.2 

5 

4 

9 

6 

0.2    to  0.3 

(i 

3 

9 

4 

0.3    to  o.l 

1 

7 

s 

4 

o.l    to  0.5 

0 

2 

2 

3 

0.5    to  0.6 

0 

6 

6 

3 

Over      0.6 

0 

0 

0 

Ki 

All 

i  1 

23 

37 

37 

0.0    to  0.05 

10 

1  1 

24 

0.05  to  0.10 

5 

4 

9 

0.10  to  0.15 

3 

2 

5 

0.15  to  0.20 

1 

0 

1 

All 

19 

20 

39 

aphelia  of  o  I  n  of  the  comets  do  not  reach  to  their 
orbits. 

The  short-  ts    arc   tabulated    separately. 

They   show  l-known    tendency    toward    close 

encounters  with  Jupiter  85  per  cent,  of  them  being 
capable  of  appn  ching  the  planet  within  one-tenth 
of  iis  distance  from  the  Sun.  The  only  case  in  which 
the  distance  of  closesl  approach  exceeds  one-eighth  of 
Jupiter's  mean  distance  is  that  of  Encke's  Comet, — 
which  is  exceptional  in  many  ways,  and  is  subject  to  a 
retarding  force,  which  must  have  diminished  the  size 
of  its  orbit. 

Of  the  comets  of  longer  period,  however,  only 
twenty  per  cent,  can  even-  approach  Jupiter  with 
one-tenth  of  its  distance  from  the  Sun  (provided  thai 
their  present  orbits  remain  unaltered).  The  cor- 
responding percentage  is  31  for  Saturn,  20  for  Ur'anus, 
and    only    8    for  Now  it    is    obvious    that, 

even  if  the  comets'  orbits  were  distributed  quite  at 
random,  a  certain  fraction  of  them  should,  merely  by 
chance,  pass  fairly  close  to  the  orbits  of  the  planets. 
The  probability  thai  the  minimum  distance  between 
the  orbits  of  the  conn  t  and  planet  should  be  less  than 
a  given  fraction  of  the  planet's  mean  distance  would 
be  difficult  to  evaluate  rigorously:  but  an  approxima- 
tion, good  enough  for  the  present  purpose,  can  easily 
be  obtained.  Treal  the  planet's  orbit  as  circular, 
and  consider  the  points  .1  and  B  at  which  the  comet's 
orbit    cuts  described    about    the    Sun    as 

centre,  with  ual  to  the  distance  of  the  planet. 

Let  A  be  tl  these  two  points  which  is  nearest 

ilanet's  orbit:  then  the  least  distance  between 
the  orbit  of  the  count  and  planet  will  in  general  be 
less  than  tin  stance  of  .1  from  the  planet's  orbit. 
If  a  straigl  Irawn,  joining  A  to  the  Sun,  the 

least  distance  between  tins  line  and  the  planet's  orbit, 
will  sometimes  be  less  than  the  corresponding  distance 
for  the  lie  end  sometimes  greater,  depend- 

ing on  the  curvature  and  orientation  in  space  of  (he 
latter;  but  the  two  will  usually  be  very  nearly  equal, 
and  the  line  may  be  substituted  for  the  orbit,  with 
accuracy  enough   for  (lie  present  purpose. 

But  the  minimum  distance  between  the  planet's 
orbit  and  this  line  is  obviously  equal  to  the  perpen- 
dicular distance  of  the  point  .1  from  the  plane  of  the 
planet's  orbit.  If  the  point  .1  lay  at  random  on  the 
sphere,  the  probability  that  its  distance  from  the 
given   diam  shall  be  less  than  x  times  the 

radius  of  the  sphere  is  well  known  to  be  simply  x. 
Hut  .1  defined  as  the  nearer  one  to  this  plane 

of  the  two  point-  .1  and  B,  and  t  hi'  desired  probability 
is  therefore  the  probability  that  at  hast  one  of  the 
points  .1   and  II  shall  be  within  the  distance  x  from  the 
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diametral  plane,  (taking  the  radius  as  unit).  If  the 
two  points  were  placed  al  random,  and  independently 
on  the  sphere,  this  probability  would  be  2x  —  x2. 
This  gives  an  expectation  of  19  per  cent  for  x  -  0.10, 
while  the  mean  of  the  observed  frequency  for  the 
four  major  planets  is  20  per  cent.  Bui  the  assumption 
that  A  and  B  are  distributed  independently  over  the 
sphere  is  incorred  in  the  case  of  the  actual  comets, 
for  the  conditions  of  observation  limit  our  study  to 
orbits  of  relatively  small  perihelion  distance,  and  this 
means  that  the  distance  separating  the  points  I  and 
B  will  be  small  in  comparison  to  the  radius  of  the 
sphere  on  which  they  lie,  provided  that  the  latter  is 
considerable.  Let  the  arc  AB  upon  the  sphere  be 
denoted  by  2C.  The  values  of  this  quantity  for  each 
comet  and  all  the  planets  may  lie  immediately  derived 
from  the  values  of  the  true  anomaly  at  the  time  of 
closest  approach,  which  had  already  been  computed. 
For  the  same  planet,  and  different  comets,  they  vary 
considerably,  being  least  when  the  perihelion  distance 
is  smallest,  but  the  dispersion  about  the  mean  value  is 
not  great.  For  example,  in  tin'  case  of  Jupiter,  the 
mean  value  of  C  is  17  .  and  half  of  the  individual 
values  are  within  8°  of  this.  The  mean  value  o  ' 
for  Saturn  is  32  .'■'>:  for  l  ranui  21  .3;  for  A. 
14°.6. 

A  very  good  approximation  to  the  actual  probability 
may  be  obtained  by  assuming  that,  in  the  case  of 
each  planet,  the  arc  AB  is  the  same  for  till  comets, 
and  equal  to  twice  the  mean  value  of  < '.  Consider 
therefore,  two  points,  .1  and  /»'.  on  the  sphere,  at  a 
fixed  distance  2<'  apart,  but  otherwise  lying  at  random. 
If  A  is  within  the  distance  x  from  the  fixed  diametral 
plane,    it    will    be    within    a    distance    0    from    the    cor- 

res] ding  great  circle  on  the  sphere,  (when  x  =  sin  d). 

The  pole  P  of  this  greal  circle  musl  be  within  the 
distance  0  from  the  great  circle  which  has  .1  as  its 
pole,  —  that  is  within  a  certain  zone  of  width  20, 
girdling  the  sphere.  If  B  is  within  the  distance  a 
from  the  diametral  plane,  P  must  be  within  a  similar 
zone,  which  follows  the  meat  circle  having  B  as  its' 
pole.  The  central  lines  of  these  two  zones  cut  a1  an 
angle  '2C  If  P  lie--  anywhere  within  either  of  them. 
one  or  other  of  the  points  A  and  B  will  beat  a  distance 
less  than  x  from  the  diametral  plane.  The  prob- 
ability of  this  occur.  ;  tal  to  the  ratio  of  the 
area  of  the  sphere  occupied  by  the  two  zones  together 
(counting  the  part  common  to  the  two  only 
to  the  area  of  the  wholi  sphere.  This  ratio  may  be 
calculated  without  difficulty.  As  the  results  may  be 
of  use  in  other  problems  they  are  given  in  Table  VI. 
in  which  the  tabular  quantity  is  the  probability  that 
the   distance   of  at    least    one  of   two  points,   .1    and   11, 


Tahi.i     \  1 

.(' 

C=  15 

15° 

11.(1 

0.000 

0.000 

0.000 

0. 1 

0.1 

0.194 

0.195 

0.186 

0.100 

II. 'J 

0.374 

0.369 

0.346 

0.200 

ii.:; 

o.:.  lo 

0.;,:;,-, 

0.459 

0.300 

Ill 

0.693 

0.678 

0.554 

O.IOO 

0.5 

0.824 

o.soo 

0.644 

0.7)00 

0.6 

0.932 

0.879 

0.732 

0.600 

0.7 

0.996 

0.945 

o.s  is 

0.700 

o.s 

1.000 

0.990 

o.s;  is 

o.soo 

0.9 

1.000 

1.000 

0.969 

0.900 

1.0 

1.000 

1.000 

1.000 

1.000 

on  a  unit  sphere,  separated  by  a  distance  IT.  -hall 
be  within  the  perpendicular  distance  .<■  from  a  fixed 
diametral  plane. 

The  tabular  values  of  ('  are  chosen  as  to  correspond 
approximately  to  the  cases  of  Jupiter,  Saturn  and 
Neptune.  The  probability  for  other  values  of  C  may 
be  found  by  graphical  interpolation. 

With  the  aid  of  this  table,  the  number  of  cases  of 
approach  within  the  limits  given  in  Table  Y  which 
might  be  expected  from  chance  alone,  has  been  com- 
puted, and  is  given  in  the  last  column  for  each  planet. 
Upon  comparing  these  with  the  observed  distribution 
it  is  evident  that  there  is  little  left  to  be  explained, 
especially  when  it  is  considered  that  among  so  small 
a  number  of  eases  the  observed  distribution  will 
inevitably  be  rather  ragged.  There  is  apparently 
a  slight  excess  of  comets  passing  close  to  Saturn; 
bill  this  is  balanced  by  a  deficiency  of  those  coining 
near  to  Neptune.  For  the  four  major  planets  to- 
gether the  number  of  possible  approaches  within 
one-tenth  of  the  planet's  mean  distance  is  32,  while 
'M)  might  be  expected  if  the  comets'  orbits  la\  at 
random.  The  only  serious  difference  between  the 
theoretical  and  actual  distribution  is  a  lack  of  comets 
which  pass  very  far  from  the  planets.     There  .are  in 

all    only    two   cases    in     which  -    exceeds   0.6,    as    against. 

'2(1  cases  predicted. 

This  discrepancy  can  be  largely,  if  not  wholly, 
explained.  In  the  first  place  the  curvature  of  the 
comet's  orbit  between  the  point  A  and  the  perihelion. 
which  was  neglected  above,  will  clearly  have  a  greater 
influence  the  farther  .1  is  from  the  planet's  orbit, 
and    will    tend    on    the    whole    to   diminish    the   distance 

of  closest  approach,  so  that  the  approximate  theory 
will  therefore  exaggerate  the  number  of  eases  in  which 
this  distance  is  great.  Secondly,  il  is  noteworthy 
that  most  of  the  comets  which  pass  far  from  the 
planets'  orbits  go  to  the  south  of  them,  especially  in 
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ilu    cases  of  Uranus,  and  Neptune,  where  every  cornel 
for  which  -  exceeds  0.35  passes  to  the  southward. 

It  is  probable  that  this  singular  fact  has  no  cos- 
mical  significance,  hut  is  merely  a  result  of  the  situa- 
tion of  mosl  astronomers  in  the  northern  hemisphere 
of  the  earth.  As  HoLETSCHEK  (16)  has  pointed  out, 
comets  which  are  north  of  the  Sun  at  perihelion  are 
more  likely  to  he  discovered,  —  and.  if  discovered, 
to  he  observed  long  enough  to  permit  the  calculation 
of  an  elliptic  orbit, — than  those  whose  perihelia 
are  south  of  it,  (unless  the  perihelion  distance  is  small). 
This  observational  preference  results  in  a  predominance 
of  southern  latitudes  among  the  aphelia,  and  to  a 
nearly  equal  degree,  of  southern  latitudes  when  the 
comet  is  at  the  distance  of  the  remoter  planets.  There 
is  therefore  good  reason  to  believe  that,  if  observation 
in  the  Earth's  southern  hemisphere  had  been  as  assid- 
uous as  in  the  northern,  our  list  of  periodic  comets 
would  he  extended  by  the  addition  of  members  with 
southern  perihelia  and  high  northern  latitudes  when 
remote  from  the  Sun — thus  increasing  the  number 
of  comets  whose  orhits  pass  far  from  the  planets  to 
something  more  like  the  theoretical  expectation. 
There  may,  however,  he,  after  these  allowances  are 
made,  a  real  deficiency  of  periodic  comets  whose 
aphelia  are  near  the  poles  of  the  ecliptic. 

Of  much  more  importance  for  the  present  purpose, 
however,  is  the  small  excess  of  comets  whose  orbits 
pass  close  to  those  of  the  major  planets  above  the 
number  which  might  he  expected  to  do  so  by  accident. 
There  can  clearly  be  very  lew  casts  of  real  capture. 
The  most  promising  ones  are  the  closest  approaches: 
and  in  these  instances  it  is  worth  while  to  compute 
by  Newton's  formula  what  is  the  greatest  alteration 
in  the  comet's  mean  distance  which  could  he  produced 
by  a  single  encounter  with  the  planet  under  the  most 
favorable   circumstances.     The   appropriate   equations 


are  (4),  (lit  and  (7)  of  Part  I  and  the  necessary  data 
and  results  are  given  in  Table  VII.  In  computing 
the  direction  0.  and  magnitude  <S,  of  the  velocity  of 
the  comet,  relative  to  the  planet,  the  eccentricity  of 
the  planet's  orbit  was  taken  into  account.  Two 
values  of  a  (the  reciprocal  of  the  perturbation  of 
the  comet's  mean  distance)  are  given,  corresponding 
to  the  maximum  acceleration  ami  retardation  of  its 
velocity.  The  last  lour  columns  give  the  present 
mean  distance  and  period  of  the  comet,  and  the  periods 
which  it  would  have  after  maximum  perturbation  in 
either  direction.  The  last  comet,  which  comes  nearer 
to  Neptune  than  any  other,  is  inserted  to  show  how 
insignificant  the  perturbations  are  when  distance  of 
approach  is  considerable.  It  appears,  therefore,  that 
there  are  only  two  of  the  42  comets  which,  if  following 
their  present  orbits,  could  be  "released"  (that  is, 
directed  into  sensibly  parabolic  orbits)  by  future 
encounters, — one  with  Jupiter  and  one  with  Sal  urn. 
In  the  other  cases,  the  maximum  possible  change  in 
the  period  by  a  single  encounter  is  at  most  little  greater 
than  the  uncertainty  in  the  determination  of  the 
period  itself  from  the  observations  of  a  single  appari- 
tion, (the  only  exception  being  Comet  1861  I,  which 
was  unusually   well  observed). 

The  other  forty  comets  certainly  do  not  owe  the 
present  forms  of  their  orbits  directly  to  capture. 
Several  alternative  ways  of  accounting  for  the  phe- 
nomena are  open : 

(1)  They  may  have  been  "captured"  from  sensibly 
parabolic  orbits  at  some  times  in  the  past,  and  had 
their  orbits  further  modified  by  planetary  perturba- 
tions of  the  ordinary  type  so  that  they  no  longer  pass 
near  the  original  point  of  encounter.  This  suggestion 
has  been  made  by  W.  H.  Pickering  (17)  who.  how- 
ever, attributed  the  principal  perturbation  to  the 
action  of  a  hypothetical  distant  planet  of  great  mass. 
revolving  in  an  orbit  highly  inclined  to  the  ecliptic. 


Table  VII 

—  Perturbations  at  Closes!    A 

PPRO  UT1ES 

i  lomi  ' 

Planet 

«/ 

0 

.1 

(/ 

Presi  at 

Period  after 
Perturbation 

Mean 

Dist. 

Period 
Yrs. 

Yrs. 

Yrs. 

is:, t  IV 

Jupiter 

0.13 

1.4(1 

111 

0.01)22 

+  111 

-  100 

105.8 

1089   ±100 

395 

216000 

1885  111 

Jupiter 

0.21 

1.54 

1  is 

0.0010 

+  104 

-102 

12.2 

274    ±   90 

204 

398 

L886  V 

Sal  inn 

0.020 

1.75 

127 

0.0000 

+   79 

-    71 

84.1 

771    ±   25 

263 

CO 

1861  1 

Saturn 

0.110 

1.59 

123 

0.0010 

+  370 

-362 

55.7 

415   ±     6 

336 

533 

1874  IV 

I  '  III  II  us 

0.030 

L.46 
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o.ooos 

+  580 

-570 

45.4 

306    ±    14 
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346 

1853  II 
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1.22 

1.71 

132 

oooo;, 

±27 
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782    ±200 
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(2)  They  may  have  been  moving  originally  in 
nearly  parabolic  orbits,  and  have  had  their  aphelion 
distances  gradually  reduced  by  the  cumulative  effect 
of  ordinary  perturbations. 

(3)  They  may  have  been  retarded  by  some  other 
force,  and  so  had  their  periods  shortened. 

(4)  They  may  have  '•originally"  had  periods  of 
the  same  order  of  magnitude  as  at  present. 

Of  these  four  possible  explanations,  the  third  prob- 
ably applies  in  the  case  of  Comets  1843  1  and  1882  II 
(which  pass  through  the  solar  corona  at  perihelion 
and  never  come  anywhere  near  any  of  the  planets,) 
and  is  certainly  a  contributing  factor  in  the  case  of 
Encke's  Comet.  The  first  has  much  to  recommend 
it,  since  there  is  no  reason  why  the  observed  comets 
should  mostly  he  recent  captures.  But,  since  Jupiter 
must  be  far  more  effective  in  capturing  comets  than 
all  the  other  planets  put  together,  one  would  expect 
that,  even  after  very  .considerable  perturbations, 
there  would  remain  a  considerable  excess  of  comets 
whose  orbits  passed  fairly  near  that  of  Jupiter,  above 
the  number  to  be  expected  on  a  basis  of  chance;  and 
this  is  not  the  case.  If,  then,  this  explanation  is  true, 
we  must  assume  that  in  most  cases  the  effect  of  per- 
turbations since  the  encounter  has  changed  the  orbit 
greatly,  with  respect,  at  least,  to  its  plane,  or  the 
longitude  of  perihelion.  But,  in  elongated  elliptical 
orbits,  the  major  axis  is  more  sensitive  to  small  changes 
in  the  velocity  (which  are  of  course  the  initial  effects 
of    the    disturbing    forces)    than    the    other    elements. 

Hence     the     comets'      periods     should     also     have     been 

changed  along  with  the  other  elements,  and  almost 
all  traces  of  the  influence  of  the  original  encounter 
wiped  out. 

An  idea  of  the  order  of  magnitude  of  the  perturba- 
tions which  might  lie  anticipated  when  the  count 
does  not  encounter  any  of  the  planets  closely  may 
lie  obtained  from  the  perturbations  of  Halley's 
Comet,  which  have  been  calculated  by  Cowell  and 
Crommelin  (18)  for  the  past  28  revolutions.  This 
comet  passes  nearer  Jupiter's  orbit  than  the  average 
(0.77  astronomical  units,  as  against  an  average  of 
1.34)  and  its  orbit  plane  lies  nearer  thai  of  the  plan- 
etary system  than  in  most  other  cases;  so  its  per- 
turbations are  probably  larger  than  the  average. 

The  changes  in  the  perihelion  and  node,  though 
irregular,  are  decidedly  progressive,  the  average 
changes  per  revolution  of  tin'  comet  being  +0°.15  for 
the  node  U9)  and  nearly  the  same  for  the  perihelion. 
(20)  If  these  rates  are  typical,  we  may  expect  that. 
after  a  captured  comet  has  completed  a  hundred 
revolutions,  its  perihelion  and  node  will  have  slutted 
some  degrees,  and  the  original   close  approach   of  its 


orbit  to  that  of  the  capturing  planet  will  have  been 
widened  out  into  a  minimum  distance  of  something 
like  one-tenth  that  of  the  planet  from  the  Nun:  while 
after  a  thousand  revolutions  little  trace  of  the  original 
relationship  will  remain.  The  existing  distribution 
of  the  orbits  of  the  periodic  comets  is  so  nearly  a 
random  one  that  it  seems  probable  that  most  of  them, 
if  originally  captured,  have  made  many  hundred 
revolutions  since. 

The  times  of  perihelion  passage  of  Halley's  Comet, 
the  intervals  between  them,  and  the  deviations  of  I  hi1 
observed  limes  from  those  computed  with  a  uniform 
period  of  77.10  years,  are  given  in  Table  VIII.  A 
plot     of    the    successive    intervals    between     perihelion 

Table  VII] 
Perihelion  Passages  of  Halley's  Comet 


Date 

1910.30 
1835.88 
1759.20 
1682.71 
1607.82 
1531.65 
1  156.4  I 
1378.86 
1301.81 
1222.  00 
1145.30 
1066.73 
989.71 
912.55 
837.15 


Interval    Residual 


74.42 
76.68 
76.49 
74.89 
76.17 
75.21 
77.58 
77.0r> 
79.12 
77.39 
79.07 
76.52 
77.16 
7.".. 4(1 


5.92 

-3.24 
-2.82 

-2.20 
0.00 

+  0.93 
4-2.82 
+  2.34 
+2.47 
+  0.37 
+  0.08 
-1.89 
-1.31 
-1.37 
+0.33 


Date 

837.15 
760.44 
684.85 

007.123 

530.87 

451.50 

373.  So 

295.27 

218.27 

141.23 

00.07 

-    11.23 

■   86.38 

-162.62 

-210.03 


Interval    Re  idual 


70.71 
75.59 
77.62 
76.36 
79.37 
77.0.". 
78.58 
77.00 
77.04 
7.",.  10 
77.30 
7o.  1 5 
76.24 
77.01 


+  0.33 
+  0.72 
+  2.23 
+  1.71 
+  2.45 
+  0.18 
-0.37 
-1.85 
-1.75 
-1.69 
+  0.25 

+  o.or. 

+  2.00 
+  2.  SO 
+  2.0.-) 


passages  shows  two  conspicuous  features.  a  regular 
alternation  of  longer  and  shorter  intervals,  differing 
l>\  about  1  '  -_>  years,  and  a  slower  change,  apparently 
also  periodic,  completing  a  cycle  in  ten  periods  of  the 
comet,  and  with  a  double  amplitude  of  nearly  21/^ 
years.  The  firsl  of  these  is  obviously  explicable  by 
the  fact  that  two  revolutions  of  the  comet  are,  on  the 
average,  almost  exactly  equal  to  thirteen  of  Jupiter. 
It  alternately  accelerates  and  retards  the  perihelion 
passage  by  about  four  months.  As  for  the  slower 
fluctuations,  a  smooth  sinusoidal  curve  of  about  770 
years  period  represents  the  residuals  for  the  tune  of 
perihelion  passage  (after  correction  for  the  effect  just 
described)  with  surprising  accuracy  for  the  26  returns 
from  B.C.  240  to  A.  D.  1759;  but  in  two  more  rev- 
olutions the  deviation  from  this  curve  has  run  up  to 
fully  five  years.  The  fluctuation  is  therefore  not 
simply  periodic',  and  is  probably  of  a  very  complicated 
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nature.  The  fact  remains;  however,  thai  the  per- 
turbations of  the  period  appear  to  be  fluctuating, 
and  not  progressive,  suggesting  that  it  is  probable 
that  the  mean  p  instant,  as  in  thi 

the  period   are.   however, 
relatn  age  di  n  the 

length  of  one  re\  next  being  1.55  ; 

If  we  ach  revolution  with  the  next    bu1 

preci  ■  ing  a  considerable  part  of 

the  perturbations  by  Jupiter)  thi 

still  1.06  years.  These  changes  in  the  period  cor- 
respond   respectively    to   alterations   of    the    reciprocal 

of  the  mei  a  distance  '  by  0.00074  and  0.00050. 

u     ' 

Taking;  the  latt  as  a  rough  measure  of  the 

average  perturbations   of      which  may  be  expect 

one  perihelion  passage  of  a  comet,  we  fuel  that,  for  a 
period  of  500  years,  the  average  difference  between 
the  length  of  one  revolution  and  the  next  will  be 
24  years;  for  a  period  of  2000  years.  240  years  while 
for  a  period  of  10,000  years  it  amounts  to  3,500  years. 

For  these  longer  periods,  the  configuration  of  the 
planets  at  the  comet's  next  perihelion  passage  will 
depend  almost  entirely  upon  the  magnitude  of  the 
perturbations  which  it  experienced  at  the  last  one. 
It  seems  probable  that  in  such  a  ease  tin-  accumulation 
of  perturbations  at  successive  returns  maj  radically 
alter  the  original  period,  and  it  is  doubtful  whether 
the  comet  can  be  said  to  have  a  "mean  period"  at  all. 

This  leads  back  to  the  second  alternative  suggested 
above  and  suggests  an  inquiry  into  the  distribution 
of  periods  which  might  be  expected  if  the  periodic 
counts  owed  their  present  orbits  to  the  gradual 
accumulation  of  -mall  perturbations. 

The  perturbations  of  a  comet  of  long  period  take 
place,  essentially,  when  it  is  fairly  near  the  Sun  and 
planets.  Their  amount  will  depend  on  the  position  of 
this  part  of  the  comet's  orbit,  and  on  the  planetary 
configuration  at  the  time  of  perihelion  passage,  but 
very  little  on  the  aphelion  distance  (provided  this  is 
great).  At  a  given  return,  equal  positive  and  neg- 
ative perturbations   of    -   are  probably    nearly    equally 

likely.  Suppose  that  this  is  exactly  true,  and  that 
the    perturbations    at    successive    returns    take    place 

at  random.     It    follows    that,    for    a    given   comet,   - 

a 

will  gradually  diverge  more  and  more  from  its  initial 
value.  Consider  a  large  number  of  comets  which 
come  to  perihelion  within  a  given  interval  of  time. 
The  condition  of  a  steady  state  as  regards  the  dis- 
tribution of  -   is  clearly  that  all  values  of  this  quantity 


shall  he  equally  probable, —  any  given  group,  between 

definite     limit-    of       .   gaining  as  many  members  from 

the  groups  above. and  below  it  in  the  series  as  it   loses 

to   them.     This   law   of   distribution    would,    however 

.■oil   only   over  a   limited  interval,  — failing  for 

since  corr  sponding    comets 

would  be  of  short  periods,  and  for  these  the  perturba- 
tions at  successive  returns  would  not  take  place  at 
random. — and  also  for  very  small  values,  since 
comets  which  are  shifted  out  of  this  group  by  per- 
turbations which  make  -  negative  will  never  return, 
a 

and   stand    no   chance   of   being   shifted    back   into    it. 

For   periods    ranging  from   a    few   centuries   to   several 

thousand   years,   however,   we  should  expect,   on  this 

i  arly  equal  members  of  comets  in 

intervals  di  tin.   1  by  equal  increments  of 

a 

The  actual  distribution  of  periods  is  very  different. 
In  addition  to  the  comets  listed  in  Table  III.  for 
which  the  numbers  are  nearly  equal  for  equal  in- 
cuments  in  \  a,  there  are  many  more  with  still  longer 
con  puted  pi  ranis,  ami  to  these  should  be  added  the 
"hyperbolic"  comets,  (which,  as  Steomgben  (21) 
ha-  shown,  have  all  approached  the  solar  system  in 
elliptic  orbits  of  very  long  period),  and  most  of  the 
less  accurately  observed  "parabolic"  comets. 

This  discordance  indicates  that  there  is  something 
wrong  about  the  assumptions  on  which  the  discussion 
is  1  ased.  It  may  be  that,  even  for  comets  of  very 
long  period,  the  perturbations  of  the  mean  distance 
are  fluctuating  and  not  progressive  in  the  long  run: 
or  that  there  are  certain  positions  of  a  comet's  orbit 
in  which  the  motion  is  stable,  (22)  and  that  the  comets 
which  satisfy  these  conditions  have  remained  in  our 
system,  while  others  have  been  lost.  However  this 
may  hi-,  the  second  explanation  may  be  tentatively 
rejected,  pending  some  one's  detailed  examination 
of  this  interesting  but  difficult  subject. 

With  respect  finally  to  the  fourth  suggestion  —  that 
the  periodic  comets  have  "always"  had  about  the  same 
periods  as  at  present,  there  is  the  obvious  difficulty 
that  comets  lose  some  of  their  material  every  time 
they  form  a  tail,  and  it  seems  improbable  that  they 
should  last  for  the  many  thousands. — perhaps  mil- 
lions, —  of  perhelion  passages  demanded  on  this 
assumption. 

The  most  probable  conclusion  appears  therefore  to 
be  that  the  periodic  comets  owe  their  periodicity  to 
captures  by  the  major  planets,  but  at  no  recent  date, 
so  that  their  orbits  have  since  been  much  altered  by 
subsequent  perturbations.     The  periods  have  probably 
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suffered   relatively   unimportant    changes   during   tins 
time. 

It    lines    nut    follow,    however,    that    the    conventional 
attribution  of  the  capture  to  thai  planet  whose  aphelion 
distance  happens  to  he  near  that  of  tin'  comet   is  well 
founded.     Jupiter    oughl     to    he    responsible    for    the 
vast    majority  and  Saturn  for  practically  all  the  rest. 
It  may  indeed  lie  that  some  one  comet,  (such  as  1866  1. 
associated  with   the   Leonid   meteors)   may   have 
captured  by   Uranus,       though  the  chances  are 
than  fifty  to  one  against    it    in  so  small  a  samp] 
lnit    the    conventional    assignment    of    comets    to    the 
families  of  Satv  e   on   a    basis 

of  their  aphelion  distances  alone  appears  to  he  without 
justificat  ion. 

The  captun    of  a  rather  rare 

a-    it    should    he    1  heorel  iealb.   I.       The 

i  cornel  should  l>    still  rarer.      In 
large  number  of  the  short-pei  .  and 

the  apparently  short   lives  i 

ts,  the  theory  that  their  number  ha.-  been 

increased     by     disruption     due     to     the     tidal     action     of 

strongly    confirmed    by    tl  - !is- 

cussion. 

Si    MM 

The   circumstances   of   closest    possible   approach    to 

major  planets  have  been  < puti  d  for  all  ci 

which  are  known  to  have  periods  less  than  2. IKK)  ; 

The  12  comets  of  period  exceeding  ten  years  show 
an  entirely  different  behavior  from  those  of  shorter 
period:  their  inclinations  are  high;  the  number  with 
periods  between  two  given  limits  is  nearly  propor- 
tional to  the  difference  of  the  cube  roots  of  the  lin 
periods;  and  few  of  them  pass  near  the  orbits  of  the 
planets. 

The  distribution  of  the  distances  ol  closesl  approach 
to  the  planetary  orbits  which  might  he  expected  if 
the  comets'  orhits  were  distributed  at  random  has 
been  approximately  computed,  and  the  observed 
distribution  is  in  close  agreement  with  it.  An  apparenl 
deficiency   of  lai  approach,    especially 

oi  ic.  can  be  expla  I  hern 

positiot  '■•  ers. 

Only     two    of   these    comets    approach    an;      of    the 

planets  so  closely  that    they   may   have  been  diverted 

directly   into  their  present    orb  ca]  1854 

[V,  (pi  nod   1089  years)   by  Jupiter,  and   1886  V  (263 

5 

ddie  observed  characteristics  of  the  orbits  of  these 
comets  can  be  satisfactorily  represented  on  the  assump- 
tion   that    they    have    been    captured    ill    the    past,    but 


so  long  ago  thai  their  orhits  have  since  been  greatly 
shifted  in  space  by  perturbations.  The  distribution 
of  their  periods  accords  closely  with  that  predicted  for 
captured  comets  by  II.  A.  Newton's  theory,  and  it 
is  probable  that  their  periods  have  undergone  rel- 
atively much  less  change  since  capture.  The  theorj 
that  the  periods  have  always  been  short  appears  less 
satisfactory,  as  also  does  that  which  attributes  the 
present  periods  to  the  gradual  accumulation  of  small 
perturbations.  The  latter  leads  to  tin  expectation  of 
short  periods  and  fewi  r  long  ones  than  are 

actually    found. 

It    is    impossible   to   saw  with   certainly    what    planet 

has   been    instrumental    in    capturing   a    given    comet, 

i  xcept    in    a    fev  o     probably    n  cent    capt  ure. 

( )n   t  heon  t  ical   i  i  i  ble  t  hat   Jupiter 

captured  tb  jority  and  Saturn  the  rest. 

There   is  some  r  i  ure  by    (  ', 

none    at    all    of    capture    h\  ddie    con- 

ventional description  of  the  comets  with  aphelion 
distances  about  equal  to  those  of  Saturn,  Uranus  and 
Neptune  as  belon  '  of  1  hese  planets 

rs  to  be  wit hout   si  cure  foundation. 
The  well-known  t  the  comets  of  period  less 

than  ten  years  to  Jupiter  is  fully  confirmed,  and  the 
belief  that  their  large  number  is  due  to  disruption 
by  the  action  of  the  planet  is  strengthened. 


REFERENCES 

l       P  n  •nn,,  17,  629,  1910. 

i  i      1/ Vat     1  ences,  6,  7-23,  1893. 

(2)     Fayet,  I  '  IS   171,  1911. 

!'!7. 
1       Zappa,  .1.  A'..  IS  ',,  13,  I'M". 

;  ;;;.  1919. 

6  i.J.,    '8,  152,  I '.M  J. 

(7)     Ogui        '  ',1s,  V.  3,  13. 

I'i:  \  us  and  Fischer-Pi  LOO,  1919, 

(9       Mi  i,   i]  i  d    14     \  ,77,  nt."»,  1917. 
10)     \  »'.  I'-i  '       9,  1  15. 

(11)     \\  >  lgj  ,  A.N.,    '00,  65,  191  I. 

:  de   I'Obsi  Paris, 

!  i,   1-47,   I! 

1911. 
i  I      ,'.  B     I 

p    17!'. 
(2  I  ■      / '  1 1 1 .   1 '.  1 1  I 

22      Von   Zeipel,  A     \  .  183.  345,  1910. 


Princeton   University  Observatory, 

I     i!   .'. 


62 


T  HE     ASTRONOMIC  A  L     JO  V  II  N  A  L 


N°-  775 


OBSERVATIONS  OF  THE   SATELLITE   OF  NEPTUNE, 

WITH  THE  26-INCH  EQUATORIAL  OF  THE  U.  S.  NAVAL  OBSERVATORY, 

By    ASAPH    HALL. 
mnicated  by  Rear  Admiral  -I.   A.   Hoogewehff,   U.S.   Xa1  adent.] 


G.  M.  T. 

G.  M.  T. 

Remarks 

1919  Nov.      5 

h       m      s 

2!     8  34 

275.34 

ll          III         s 

21  10  54 

L3.80 

4  .  4 

4 

Moonlighl  al  first. 

•"> 

' 

273.53 

21  52  30 

13.23 

4  ,  4 

3 

hi 

307.85 

20  53  10 

10.0.-) 

4  .  4 

2   3. 

Fogg}        '              :  by  eyepieces  fogging. 

22 

2ii  37  34 

304.19 

20  -11   10 

16.84 

4  .  4 

3  4 

Clouds. 

24 

L9  54  25 

10  :,0    3 

12.07 

4  ,  4 

2  3 

Fog  and  haze. 

24 

20  53  26 

L63.57 

20  54  34 

13.22 

4  .  4 

2  :; 

Dec.      1 

L918  26 

L  18.52 

10  20    7 

10..".  2 

1  .  1 

•_> 

Stopped  by  haze. 

:; 

2(1  17     6 

334.92 

20  21  2  1 

13.70 

4  ,  4 

2   3 

Delayed  by  moonlight. 

4 

20  20  2.") 

294.56 

20  31     7 

lo.:.  2 

4  ,  4 

2 

Moonlight.     Haze. 

1920  .Ian.    13 

10     1     3 

307.82 

10     1  30 

16.91 

4  ,  4 

3-4 

13 

10  51     0 

303.83 

10  52     2 

L6.84 

1  .  -1 

3-4 

29 

I.",   12  32 

113.82 

15  12  40 

10.00 

4  .  4 

3 

Faint.      Moonlight.     Haze. 

20 

10  23  14 

113.23 

10  27  32 

10.21 

4  ,  4 

3 

Pel..     13 

17     3   12 

278.59 

17     3  10 

14.40 

4  .  4 

2-3 

Faint. 

13 

17  30  22 

279.04 

17  57  20 

L3.96 

2  .  4 

2-3 

(  ibjecl  glass  fogged. 

11) 

14  44  20 

277.31 

14  .->()  :>4 

14.04 

1  ,  -1 

3 

Faint. 

1!) 

L5  37  52 

27,").7"i 

15  3.7  22 

14.50 

4  ,  4 

3 

25 

i:>  10  20 

20S.03 

15  10   10 

13.S4 

1  .  1 

3-4 

Faint. 

25 

16  10  59 

207.22 

10    7  :>7 

13.32 

4  ,  4 

3-4 

Mar.    21 

l.-,    .-,  10 

L53.27 

14  .".1  31 

13.70 

4  ,  4 

2-3 

Very  faint.     Wires  flashing. 

Poor  obs. 

22 

1  1   19    5 

114.01 

It  32  28 

15.85 

4  ,  4 

3 

Faint.      Delayed  by  aurora. 

22 

111.80 

1.-,  :,o    0 

10.00 

4  .  1 

3 

23 

L5  2.".  36 

45.39 

15  27  52 

10.20 

4  ,  4 

2  3 

Faint.     Wires  flashing.     Stopped  by  haze. 

21 

10  33     3 

326.31 

10  3  1  28 

1.-..23 

4  ,  4 

3 

Too  pom'  1  o  finish. 

Apr.    1(1 

II  .".7  28 

15.36 

11  37  2:1 

L0.50 

4  ,  4 

2-3 

Used  blue  wires. 

Ala;.       1 

1  1     5  53 

338.61 

14    5  11 

13.02 

4  , 4  |  2-3 

Too  faint  to  finish.     Haze. 

2  =  good,  3  =  fair,  4=poor.     Powers  367  and  3S8  were  used. 
Value  of  micrometer  screw  =     I  I22  50    E       h  0".0535    Oin-.S10  -  focal  scale) 

V.  S.    '•  •■  .   D    (    . 
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OBSERVATIONS  OF 

VARIABLE   STARS, 

By  WILLIAM   D<  »BERCK 

(Continued  from  A.  J.  768. 1 

RR   Persei:    G 

iaff's   comparison    stars    were    used 

B8.78,  o9.1  1.  .-0.7I, 

''.'.i  94. 

The  step  was  taken 

equal 

and  also  .1  (4.  <?. 

C.  Cambr 

U.  S.  1159)  and  B  (1161). 

to  0.1  man.     The  maximum  (8.6)  occurred  al  2421544. 

Their  magnitudes 

were  es1 

imated  as  follows:    -1  - 

The  value  of  the  pe 

riod  is 

S89.7  4ays. 

0595  v  %Yi  b 

9.6 

1190  b  P2  a                  9.6 

1824  /  1  b 

2302  .1  3  b  1  o 

s.s 

0760  v  3  o 

s.s 

1192  b  'J  6                       9.7 

1826  /  3  v 

2340  .1  2  b  1  B 

s.7 

0774  v  2Yi  o 

8.9 

1  199  o  4  /•  5  a                 9.4 

L839  p  2  b 

2343  /■  1  .1 

8.4 

0784  b  3  o 

s.s 

17)11   y  3  o                          s.s 

2230  k  3  b 

2355  B  2  /■  2  o 

9.0 

0801   o  3  v  4  a 

9.4 

17,17  .1  3  v  3  A'               8.6 

2240  b  =  ft 

2363  o  '•_.  b 

9.2 

L132  .1  V/i  v  2  B 

S.7 

1520  b  =  '_»(.L  +  o)      s.s 

227,1    b  =  h 

2369  b  1  o 

9.0 

1138  .1  2  b 

S.7 

17,40  B  2  y                      9.0 

22SU  o  .",  b  :;  b 

9.6 

2)578  o\y2vb  a 

9.3 

1137   B  5  v  3  o 

9.0 

1568  o  1                           9.3 

2287  o  2  b  5  a 

9.:} 

2382  o  :;  b 

9.4 

llf.5  u  1  0 

9.0 

1577  o  6  b  3  // 

2300  .1  5  b  3  o 

8.9 

2387  o  2  b 

9.3 

T  Arietis:  The  H.  C.  comparison  stars  were  used 
and  their  magnitudes  determined  as  usual:  o7.9s.  68.44, 
c8.61,  </s.s7,  e9.09,  /9.4s.  g9.70,  and  /H10.02..  The 
value  of  the  step  is  0.073  at  9.0  mag.  The  following 
maxima  (all  somewhat  uncertain)  are  indicated:  0760 
9.2  .  1689  (8.3),  1999  (8.3),  and  2312  (8.5),  and  the 
following  approximate  minima  0892  (9.4),  1200  (9.3), 
and     1501    (9.5).     The    average    maximum    (8.4)    oc- 


curred at  2421090,  and  the  average  minimum  (9.4)  at 
1820,  -  130  days  after  maximum,  so  that  this  is  one 
of  the  stars,  where  the  minimum  occurs  less  than  half 
a  period  after  maximum.  The  period  is  irregular. 
It-  average  value  appears  to  be  310  days.  The  extent 
of  the  variation  seems  in  the  past  to  have  been  double 
its  present  amount  at  times,  and  at  other  times  to 
have  been  even  less  than  what   it  is  al    pn  sent. 


0432  c 2  b  3  t 

8.80 

007,2 

V  =  c 

8.61 

1607 

d 

s.s7 

1997 

a  1  v  3  b 

8.24 

0451  c  2  b  3  e 

.80 

1 1 53 

e  3  b  2  / 

9.32 

1625 

d  1  b  2  e 

.94 

1998 

a2H  b 

.29 

0482  e  4  v  4  / 

9.28 

1165 

e  2  vzy2f 

.23 

L633 

C    1  ,  B 

.64 

1999 

0     1    B   2  // 

.29 

0507  e  3  b  2  / 

.32 

1  1 83 

e  5  b  3  / 

.33 

1641 

c  2  /•  1  d 

.78 

20(11 

a  3  /•  2  b 

.25 

0534  b  =  yi(e 

+  /) 

.29 

119  1 

,  i  b  iy2f 

.38 

1661 

b  1  a  2  e 

.50 

2020 

b  2  v  1  c 

.n^ 

0578  e  2  v  3  ./' 

.25 

1200 

e3  v2f 

.32 

1602 

b  U2c 

,50 

2021 

b  2  B 

.59 

0760  e  1  b  3  .f 

.19 

127,8 

,    ilL   B    1/ 

.39 

1077, 

B    1   /) 

.37 

2219 

e  2  b  3  / 

9.27, 

0777,  e  1  B  5 ./' 

.15 

17,01 

e  3  b  2  y 

.46 

His:; 

b  3  6 

.22 

227,0 

e  3  0  2  / 

9.32 

07s  1  <  2  b  if 

.22 

17,27) 

e  2  /•  3/ 

.25 

1689 

a  7  i  3  '  -j  b 

.29 

2282 

V  =  c 

8.61 

0807  e  2  b  4  / 

.22 

1537 

e  2'..  b  :;  1 

.22 

1875 

./'  2  b  3  g 

9.7,7, 

2287 

b  1  v  1  c 

.52 

0892  e  3  v  2/ 

.32 

1540 

e2v3y2f 

.23 

1901 

d  1  v  1  e 

8.98 

22ss 

B    =   C 

.61 

0892  /3  i  2  g 

.01 

1549 

,1  2  b  2  - 

8.98 

1906 

c  1  V 

.68 

2297, 

b  2  b  1  c 

.')'> 

0899  e  1  b  3/ 

.19 

1558 

B    1   (/ 

.so 

1920 

V  =  c 

.0  1 

2312 

6  2  b  1  c 

.7,7, 

0911  i  3  b  :;/ 

.29 

17,00 

b  =  e 

9.09 

1937, 

V  '=  c 

.61 

2340 

b  1  b 

.37 

0924  c  3  y2v\  d 

.8.81 

17,77 

C   1  J  •_,  B  2  ( 

8.82 

197,1 

C    1    B 

,68 

23  13 

B    =    C 

.01 

00  11   c  2  b  3  d 

.71 

1001 

blv2c 

8.50 

1970 

B    =   C 

.61 
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Tl"  Tauri:  The  H.  C.  magnitudes  of  the  comparison 
stars  were  used.  The  value  of  the  step  is  about  0.13. 
This  is  an  irregularly  variable  star.     Maxima  occurred 


at  0931  (8.4)  and  at  2010  (8.9),  and  minima  at  0526 
(12.5),  L190  (10.2),  1625  (11.6),  1928  (10.6),  and  at 
2287  (10.1). 


0483  g   1  v  5  /,' 

10.9 

1 258 

V    =    IJ 

MM 

1075 

v  3  / 

9.8 

2024 

y  1 J  2  e 

8.9 

0509  /  3  v 

12.4 

1274 

ft  5  v  2  ft 

11.2 

1683 

v  4  f 

9.6 

2(1  IS 

e  3  v 
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R  Orionis:  The  magnitudes  of  the  H.  C.  comparison 
stars  were  used  and  also  g'(A.  S.  1".  7)  10.8,  compared 
here.     The  step  was  supposed  equal  to  0.1  mag.     By 


laying  a  parabola  through  three  points  of  the  light 
curve  the  epoch  of  maximum  (9.15)  was  found  to  be 
2420583  and  the  period  377.14  days. 
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RR  Tauri:   The  magnitudes  of  the  II.  C.  comparison 
stars  were  used.     The  value  of  the  step  was  0.1  mag. 
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an  irregularly  variable  star. 
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U  Auriga:   The  magnitudes  of  the  H.  C.  comparison  I  mag.    at    9.0,    and    0.097    at    11.0.     Maximum    (8.5) 
stars   were    used.     The   value   of   the   step   was   0.080  |  occurred  at  2421058.     The  period  is  408.2  days. 
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V  Auriga:  The  magnitudes  of  the  II.  C.  comparison 
stars  were  used  and  also  d'(A.  S.  1.  9)  9.66,  and 
ft'(20)  10.94,  which  were  compared  here.  The  value  of 
the  step  is  0.075  mag.  Maximum  (8.9)  occurred  at 
2421551.     The  period  is  352.6  days.     Minimum  (11.9) 


occurred  at    17(1-1   (153  days,  less  than  half  a  pi 
after  maximum).     The  cun  e  varies  in  differenl  periods. 
The    minimum    magnitude    varied    between    11.2    and 
12.7. 
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/,'  Geminorum:  The  magnitudes  of  the  H.  C.  com- 
parison Mars,  were  adopted  and  also  s'(A.  S.  W  31) 
L1.51    and   s"(A.S.  V.   MO)    11. os.     The   value  of  the 


step  was  0.1  mag.  Maximum  occurred  at  2421934. 
Tin-  maximum  magnitude  varies  between  6.3  and  7.0. 
The  period  is  variable. 
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R   < 'urn'*    Minoris:     The   magnitudes   of   the   H.  C. 

comparison  stars  were  used  except  e8.22,  /8.57,  98. 97, 

19,    which    were    compared    here.     The 


value  of  tlic  step  was  0.067  mag.  at  0.0.  Maximum 
(7.0)  occurred  at  2421702.  The  period  is  337.7  days. 
The  curve  varies  considerably. 
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.  Minoris:  The  magnitude-  of  the  H.  C.  com- 
parison stars  were  used.  The  value  of  the  step  was 
0.084  mag.  at  1(H  _..  Minima  were  observed  at  0984 
(11.5),    1312    (12.3).    1689    (12.5  .    2363    (12.5).     The 


average  minimum  (12.2)  occurred  at  2421681.  The 
period  is  irregular.  At  present  it  is  aboul  34.")  days. 
Its  average  value  appears  to  be  about  331  days. 
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Minoris:     The   magnitudes   of   the    H.  C. 
comparison    stars    were    used   and   also   a'(A.  S.  1 
8.83,  b'(2    9.0,  E>"   L8    9.3,  and  c'(31)  9.6,  which  were 


roughly  compared  here.  The  value  of  the  step  was 
0.10  mag.  Maxima  were  observed  at  2420916  (8.20). 
and  at  2421329  (8.36).     The  period  is  414  days. 
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s.7  1074  c  I1  .• 
s.2  1683  v  =  c 
8.6  1710  a'  1  v  ::  c 

8.3  1710  a  'P-,  r 


.8.4  1097  b"  3  w  =  c'  9.0 

9.2  2020  c  1  v  3  </  9.6 

9.2  2024  u  1  c  9.4 

9.5  2057  a'2l)5  C  9.0 

9.6  2058  a'  2  ,■  I  1  9.1 
9.5  2070  «'  2  r  9.0 
9.0  2083  V  2  0  9.2 
9.0 
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1'  Lacertce:  The  H.  C.  comparison  stars  were  used: 
a8.18.  68.66,  rK.r,7.  ,/s. '.Mi,  r'.i.io.  /9.55,  </9.60,  and 
ft9.64.  They  were  observed  in  steps  and  reduced  to 
H.  C.  scale.  The  value  of  the  step  is  0.09  mag.  Max- 
imum (8.21)  occurred  at  2421650.20  and  minimum 
(9.27)  3.74  days  after  maximum.  The  period  is 
1. 983  li  days  (increasing).  The  shape  of  the  curve 
appears  to  be  variable.  Both  maxima  and  mi 
are  sharply  marked  at  present.     The  following  are  the 


twelve  equidistant  ordinates,  beginning  with  max- 
imum: 8.21,  8.32,  8.44,  8.61,  8.77,  8.88,  8.98,  9.08, 
9.17,  9.27,  9.01,  8.62.  Thej  are  represented  by  the 
formula: 


Mas:.  -  8.78 

-  0.43  ci 

+  0.06  cos  (3a 

-  0.02  cos  6a 


0356.39 
0357.37 
0358.36 
0361.38 
0362.37 

0384.40 
0384.41 
0398.31 
0398.40 
0453.38 
0468.34 
0515.36 
0534.25 
0548.27 
0667.4  I 
0670.42 
0696.46 
0709.45 
(171  L.39 
(I717.:;:i 
0717.38 
0721.34 
0722.45 
0742.45 
0742.4(1 
0747.43 
0748.39 
0749.39 
0750.40 
0751.42 
0752.30 
07.V2.37 
0752.45 
0753.37 
0758.53 
0760.34 
0761.33 
0770.37 
0779.28 
0785.30 
0701.30 


d  1  v 
,   L  v  1  d 
dlv\( 
!      2  ./ 
v  =  i 
v  1  d 
el  v  2  h 
v  2  c 
a  3  V 
e  1  v  =  / 
e  1  v 
v  1  d 
,1  2  v  2  i 
c  3  v  3  d 
a  3  »4c 
v  =  d 
d  1  v  1  ( 
c  1  v  1  d 
v  =  e 
b  1  v  1  c 
(  2  ii  3  ./' 
,  3  ( 
d  3  B   1  r 

B  1  d 
,1  2  b  2  < 
dlvl}4  e 
i  5  '■  1  d 
u  2  d 
a  1  y  3  c 

V    =   5 

y  =  6 
d  2  v  1  e 
e  1  v  3  ./' 
d  =  y  1  e 
c  1  v  1  6 
a  2  V  2  c 
c  2  v  3  d 
.;  d 
i  2  b  3  ./' 
c  1  y 2'j  e 

c  2  /■  1  d 
b  3  b  2  d 


9.08 
9.09 
9.09 
8.82 
9.19 
8.90 
9.35 
8.39 
8.45 
9.42 
9.28 

9.09 

8.78 
8.34 
8.99 
9.09 
8.78 
9.19 
8.61 
9.33 
8.92 
9.14 
S.'.IO 

9.09 

0.07 
S.02 

S.S1 
S.2S 

8.66 
8.66 
9.12 
9.28 
9.04 
8.61 
8.37 
s.7! 

S.7S 

9.33 
8.75 
S.7.", 
8.85 
8.86 


oso  1.21 
0804.38 
0807.31 
0807.39 
0807.41 
0887.29 
0892.25 
0899.23 
0901.25 
0903.26 
0924.27 
1036.42 
L036.53 
1070.38 
L075.45 
L076.38 
1096.37 
1301.45 
1  176.33 
I  176.37 
1499.38 
1503.32 
1508.31 
1521.35 
1540.38 
1565.38 
1643.28 
1727.50 
1730.46 
1732.48 
1734.44 
1741.45 
17  13.17 
1744.45 

i7i5.it; 
1746.42 
1700.43 
1701.46 
1767.49 
1768.43 
1770.49 
1777. 17 
1778.49 


i   l  r  3/ 
o  li  v  2  b 

< 
c  3  v  2  d 
c  3  v  1  d 
c  2  v  2  d 
b  2  y  3  d 
b  3  r  l  i ._,  d 
v  =  e 

i 
b  2  y  2  d 
b  4  b  2'L.  d 
b  1 )  2  ''  2  d 
d  2  t>  1  « 
i   1  / 

b  2  y  2  d 
e  1  i  3  /' 
/■  -    (. 
a  3  y  1  c 
a  3  y 
.    1   y  3 
d  1  w  2  i 
d  1  y  3  e 
a  5  y  3  c 
a  3  w  2  c 
a  2  y  3  c 
d  3  y  I  < 
y  1  ( 
r  1  a 
y  1  d 
a  2  i  -j  y 
c  2  i  3  d 
d  1  b  2  - 
y  =  b 
a  2  y  3  c 
b  3  y  2  d 
a  1  y 

y  1  i 

i 

a  2  y  1  c 

b  2  y  1  d 

y  =  e 


9.28 
8.54 
9.19 
8.82 
8.89 
8.78 
8.79 
8.88 
9.19 
S.57 
S.S2 
8.86 

S.7!' 
9.12 
9.28 

S.S2 

9.28 

s.is 
8.47 
S.45 
0.2S 
9.00 
9.04 
8.43 
8.41 
8.34 
9.1  1 
9.10 

S.IMI 
S.00 
S.40 
8.74 
9.06 
8.66 
8.34 

S.St, 

8.27 
s.02 
9.10 
9.24 
8.44 
8.88 
9.19 


17S1.11 
1783.44 
1784.42 
1787.42 
1793.47 
1796.45 
1812.39 
1820.43 
1824.46 
1826.37 
1827.35 
1828.34 
1830.36 
L  838.37 
1839.42 
1843.40 
1844.39 
1845.34 
1847.35 
1S52.35 
1860.40 
1862.30 
1S04. 30 
1865.31 
1870.34 
1873.29 
1875.29 

1  SSI  1.20 

1901.48 

1007.22 
1031.31 
L970.35 

1070.20 
202  1.20 
20'.  13, 10 
2000, IS 
2()'.IS,1S 
2099.49 
2100,17 
2101,10 
2102,10 
2107.10 
2115.45 


v  =  c 

e  1  V 

c  2  v  1  b 

h  2  /•  1  i  ■,  ,1 

r     '    i 

b  2  /■  3  d 

v  =  e 

a  3  r  2  C 

a  1   V  3  C 

b  :;  y  2  ( 

y  =  e 

e  1  y 

a  2  y  2  c 

,  2  b  3/ 

B  1  !  -  n 

e  )  2  y 

a  1   ('  4  c 

V  1   C 

d  1  y  =  e 

y  =  e 

a  31  o  r 3  r 

y  =  e 

y  3  a 

c  1  b  3  d 

a  3  y  2  c 

r  =  e 

a  1  j  <i  v  2  c 

a  2  y  3  C 

c  3  b  2  ,/ 

c  1  y  2  e 

d  1  v  1  e 

/,  2  y 

y  1  d 

a  1  >  ■_■  y  2 !  j  c 

c  =  v  1  b 

d  4  v  1  e 

a  2  y  3  c 

a  1    B 

6=clti 

c  1 !  ■_>  y  2  d 

y  1  e 

v  =  e 

b  2  b  1  d 


42 

31 


s.57 
9.28 
8.60 

S.S5 

9.19 
8.79 
9.19 

s.n 
8.31 
s.os 
9.19 
9.28 
8.38 
9.33 
s.oi 
9.23 
s.20 
8.48 
9.14 
9.19 

S.30 

9.19 

7.01 
S.07 
8.41 
9.19 
8.34 
8.34 
S.S2 
s.7s 
9.09 
8.84 
s.oo 
8.33 
S.57 
9.14 
8.34 
S.27 
s.07 
S.75 
9.10 
9.19 
s.ss 


0.16  cos  i2.r  -  15°) 
-  0.02  cos  5a 


2117,15 
21  18.45 
2110.17 
2120.12 
2121.43 
2123,15 
2124.45 
2125.1  I 
2120.1:: 

2127.1  I 

2128.43 

2130,10 
2155,10 
2176.37 
2177.30 
2178.39 
21S0.3S 
21S2.:;7 
2184.42 
2  ISO. 50 
2187.35 
2102.57 
2105. 35 
2198.41 
2210.11 
221  1.33 
2212.32 
2212.47 
2213.32 
2214.31 
2218.38 
2210.33 
2223,11 
2250.2(1 
2251.30 
2252.27 
2252.37 
2212.20 
2242.39 
2245.26 
2247.28 
2249.26 
2250.20 


«    1  y 

a    1   B 
/•    =   C 

i   1  v  1  b 

d  2  b  2  e 

2  c 

a  3  b  3  b 

/,  l  v  3  d 
b  1  d 
d  1  b  2  e 
a  2'._,  y  1  c 
y  =  d 
b  1  y  3  d 
d  1 '  _,  b  2  ( 
y  =  e 
v  1  a 
b  J  L,  y 
b  2  y  1  d 

y  =  C 

b  3  y  3  d 

d  1  v  =  e 

d  1  y 

o  :;  b  1  c 

y  1  a 

b  3  /■  2  d 

b  2  b  2  d 

i  1  y 

d  2  y  i ,,  e 

a  2  y  3  c 

a  3  r  1  r 

/'   1    a 

a  2  y  2  c 

U  4  a 

y  =  b 

d  J^y 

d  2  y  2  e 

d  P2  y  2':,  e 

e  I  v 

d  2  y  1  i 

b  1  y  3  d 

y  =  d 

b  2  »  2  d 

b  1  y 


9.28 

s.27 
8.57 

S.02 
0.00 
S.ll 

8.42 

s.7  1 

S.'.IO 
0.00 
S.33 
S.0',1 

s.71 
O.os 
9.19 

s.oo 
8.70 

s.ss 
s.57 

S.S2 

9.14 

0.08 
s.  17 
s.oo 
8.86 
s.S2 
0.2S 
9.15 
8.34 
s.17 
8.00 
8.38 
7.82 
8.66 
9.04 
9.09 
0.00 
9.28 

0.00 
S.7  1 

S.OO 
S.S2 
S.75 
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2251.27  v  =  e 
2253.26  ■■■  2)  „. 
2254.26  v  I  c 


9.19      225S.25  «  I   ■■  :; 
7.96      2282.26  v  =  e 
S.48      22s7.22  d  1      2 


8.28      2289.22  v  1  c 
9.19     2202.30  c  1  b  2   ! 
2294.41   c  i 


8.48 

2295.37  v  1  d 

8.90 

8.71 

2:512.39  b  =  d 

8.99 

8.67 

A"  Lacertce  w:  ognized  as  a  variable  star  and 

was  u  rison  star,  when   1'  Lacertce  was 

observed.  Later  it  was  found  to  vary  and  was  then 
included  in  the  working  list,  the  previous  compai 
being  also  utilized.  The  same  comparison  stars  wire 
used  for  both  stars.  .Maximum  (8.02)  occurred  at 
2422113.50.  The  maximum  is  rounded  but  fairly  well 
determined.  Minimum  (8.58)  occurred  at  2422117.52 
1.03  days  after  maximum).  It  is  sharply  denned. 
Compared  with  minima  observed  at  the  Laws  and 
Dunsink     Observatories     it     indicates     the     following 


expression  for  the  occurrence  of  minima:  2416672.41 
+  5.44294^  +  0.000  002  L5  E2.  The  shape  of  the 
curve  appears  to  be  variable.  The  following  are  the 
twelve  equidistant  ordinates,  beginning  with  max- 
imum: 8.02,  8.04,  8.07,  8.21,  8.31,  8.36,  8.38,  8.39, 
8.41,  8.56,  8.32,  8.08.  They  are  rperesented  by  the 
formula : 

-  8.26  -  0.21  eos  (.r  -  31°) 
-  0.0S  cos  i2.r  -  1+)  +  0.05  sin  3.r 
+  0.04  cos  (43  -  27    . 


0349.44 

fla 

7.S2 

1400.38 

B  2  a 

8.00 

isi  L39 

a  3  B  2  1  2  C 

8.40 

2128.43 

a  3  r   2 '  2  f 

8.39 

0384.40 

v  4  c 

s.21 

1503.33 

a   2  j  -j  B 

S.40 

1845.34 

a  2  B  2C  C 

8.35 

2131.45 

a  !  2  B 

S.22 

0384.41 

8.36 

1508.31 

alv2b 

8.3  1 

1847.35 

a  1  / 

8.27 

2131.50 

air 

8.27 

0398.31 

/•  1  c 

s.21 

1565.38 

3  1  B 

s.27 

L852.36 

B  \.y2a 

8.05 

2136.46 

V   =  a 

8.18 

0515.36 

V  =  c 

8.57 

10  13.2s 

a  3  y2  v  1  b 

8.55 

1860.40 

a   2  B  4 1  i  C 

S.30 

2155.40 

a  2  B  3  C 

8.34 

0534.25 

a   1  B  6  C 

8.2  1 

1727.50 

r   2  a 

S.00 

1S02.3O 

B3  a 

7.01 

2176.37 

a  2  «  4  c 

8.31 

1  I.Ms.  2  7 

v  3  d 

s.72 

1730.46 

B  =  a 

s.is 

1864.39 

B  3  a 

7.91 

2177.:','.) 

B  =  C 

8.57 

v  3  c 

8.30 

1732.48 

B  4  a 

7.82 

1865.31 

a  1  B 

s.27 

2178.30 

B  2  a 

8.00 

0721.34 

v  5  d 

8.54 

1734.45 

a  1  i  ,,  /• 

8.31 

1870.34 

a  1' ... 

c  8.30 

2180.38 

a  1  B 

8.27 

0722.4.3 

■   7  i 

8.56 

1741.45 

a  1  !  ■_>  V    1  r 

8.4] 

1873.29 

l'   =   a 

8.18 

21S0.4S 

B  1  2  « 

S.14 

0750.40 

v   1  c 

8.48 

1743.47 

V   2  a 

8.00 

1875.29 

V   J  i  a 

s.14 

2182.37 

a  2  ('  1  1  2  C 

8.39 

0751.42 

vQf 

9.01 

1744.45 

a  1  V 

8.27 

1SSO.20 

v   1  a 

S.09 

2184.42 

B  2  a 

s.oo 

0752.30 

r   3  a 

7.01 

L745.46 

a   1 

s.27 

1901.48 

B  1  a 

8.09 

2186.36 

B  2  a 

s.oo 

0752.37 

V  5   C 

8.12 

17  10.12 

a  1  V  3  d 

8.38 

1007.22 

B  1  !  ■_-  a 

S.05 

2  is?.:;.-, 

a  2  B 

8.36 

0752.45 

v  5  c 

8.12 

1700.13 

B  1  a 

8.09 

1951.34 

8.05 

2192.37 

a  2  B  3  C 

S.3  1 

0700.:',  1 

B  1  c 

8.48 

1761.45 

a  1  B 

8.27 

1070.35 

V   =   b 

8.66 

21  Os.  41 

a  1  B 

8.27 

0761.33 

V  =  c 

8.57 

1707.40 

ale  3  C 

8.28 

1970.29 

b    1  V 

S.75 

2210.41 

a  2  B  2  C 

8.38 

1)77(1.37 

v  2  c 

S.30 

L768.43 

a  1  V 

8.27 

2024.29 

a  2  B  2  c 

s.3S 

2211.33 

B  1  '  2  a 

s.oo 

1)77'.). 2s 

v  3  c 

8.30 

1770.10 

V   2  a 

s.oo 

2003,10 

a  2  B  2  C 

8.38 

2212.32 

r  la 

8.09 

0785.30 

B  2  a 

S.00 

1777.17 

a  1  B 

s.27 

2096.48 

a    1  B  3  6 

8.30 

2212.47 

B  1  a 

s.oo 

0791.30 

B  2  a 

S.00 

L778.49 

a  2  y  3  c 

8.34 

2098.48 

a  1  B  1  C 

8,26 

2213.32 

r   1  a 

s.00 

0804.38 

5  h 

8.36 

1781.41 

B  2  a 

8.00 

2099.49 

a  1  !  j  B 

s.31 

2214.34 

a  Ol,   2  C 

8.36 

0887.29 

v  2  c 

8.39 

L783.44 

a  2  B  3  C 

s.3  1 

2100,17 

B  1  C 

S.IS 

2218.38 

a  1  V 

s.27 

OS'.  12. 2."> 

.;'  j  c 

8.36 

17S1.12 

I  c 

8.47 

210  1.10 

a  3  /'  1  C 

8.47 

2219.33 

a   2  B  3  C 

8.34 

OS'.)'.). 21 

a  2  v  3  c 

8.34 

L787.42 

a  2  B  4  C 

8.31 

2102.40 

a  2  /' 

8.36 

2223.41 

B  2  a 

s.oo 

0001.25 

8.38 

L793.47 

/'  1  1  j  a 

S.05 

2107.40 

B  2  a 

s.oo 

2230.28 

a  1  B 

8.27 

0903.26 

a  3  B  2  h 

s.17 

1700.45 

a  3  v   2  c 

S.41 

2115.15 

a  2  B  1  C 

S.ll 

2231.36 

a  2  /•  1  1  2  c 

8.39 

0924.27 

8.38 

1812.39 

a  2  B  3C  C 

8.30 

2117.45 

a  2  b  4  c 

S.31 

2232.27 

a  2  B 

8.36 

1030.43 

V   2  a 

8.00 

1820.43 

b  !  a 

8.09 

21  is.  15 

s.oo 

2240.26 

air 

s.27 

L  036.53 

7. 01 

L824.46 

c  1  !  ■>  a 

S.I  15 

2110.17 

B  1  *  2  a 

8.05 

2242.26 

8.36 

1070.38 

a  :;  »  2  b 

8.47 

1826.37 

r  =   a 

S.IS 

2120.4] 

a  1  '  2  B 

s.31 

2245.26 

B  2  a 

S.OO 

1075.45 

a  2  B  3  C 

8.3  1 

L827.35 

a  1  B 

s.27 

2121.43 

a  J  2  B 

s.22 

2247.28 

a  1  C  B 

8.3] 

1076.38 

a  2  B  1  C 

8.44 

1828.34 

a  3  v  :;  c 

8.38 

212:;.  15 

a  3  B  2  C 

8.41 

2219.20, 

B  2  a 

s.oo 

1096.37 

B  2  a 

S.00 

L  830.36 

»  2  o 

8.00 

2121.15 

B  2  a 

S.OO 

2250.20 

B  1  '  2  „ 

8.05 

L391.45 

r  =  a 

S.1S 

L838.37 

a  1  B  3  C 

8.28 

2125,44 

s.oo 

2251.20 

a  1  '  2  B 

S.31 

1476.33 

S.00 

1839.42 

a  2  B  2  c 

8.37 

2126.43 

a  1 

s.27 

2253.26 

rla 

8.09 

1  170.37 

7.01 

1843.41 

a  1  '  j 

8.3] 

2127.13 

a  2  B  2  !  j  C 

8.35 

2254.20 

B  2  a 

s.oo 
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2258.26  a  2  v  2  c 
22s7.22   a  2  »  3  C 


8.38 
8.34 


2289.22  w  1'2  a 
2292.39  a  I  b 


8.05   2294.4]  b  1  a 
8.27   2295.37  n  I   -! 


8.09     2298.41 
8.27 


8.00 


RS  Andromedm:  The  following  observations  arc 
continued  from  .4../.  74S.  This  is  an  irregularly 
variable    star.     Maxima    occurred    at    2422191     (7.4), 


and  at   2422415   (7.6),  and   minima  a1    2422106  (8.7), 
and  at  2422249  (8.5). 


1951 

c  2  v 

8.40 

2 1 2  1 

d  2  v  4  e 

8.84 

2213 

a  1  v   =  b 

7. so 

22S7 

c  3  b  2  d 

8.54 

L959 

C  2  B 

8.40 

2155 

b  3  w  P-j  c 

8.07 

2214 

a  1  v  ]  b 

7.77 

220  1 

B  1  C 

s.os 

L970 

c4nld 

8.66 

2176 

V   1  a 

7.63 

22 1  s 

b  1  v  3  c 

7.89 

2312 

6  2  b  3  c 

7.0.") 

L976 

c  3  v  3  e 

8.57 

2177 

B  3  a 

7.40 

2210 

n  1  B 

7.85 

2340 

b  1  r  3  c 

7. SO 

L997 

d  2  b  2  e 

s.S7 

2180 

B  2  a 

7.52 

222!! 

6  1  v 

7.01 

2343 

/.  1  v  2  c 

7.03 

2024 

c  2  b  12  ,' 

8.48 

2182 

W  2  a 

7.52 

2230 

b  3  v  1  c 

8.09 

2355 

r  1  c 

8.08 

2057 

C  1  r 

8.29 

2184 

B  3  a 

7.40 

2242 

c  4  b  2  d 

8.58 

2363 

v  =  c 

S.1S 

2096 

c  4  i  L»  v  \  d 

8.67 

2192 

a'   3  b  3  a 

7.40 

2245 

c  3  b  3  d 

8.48 

2369 

!'  =  C 

S.1S 

■Jims 

c  3  v  1  d 

8.63 

21 '.IS 

a'  3  B  3  a 

7.40 

2210 

c   I  b  1  d 

8.48 

2370 

C  1  B 

S.20 

2099 

c  3  v  2  d 

8.54 

2210 

a'  31  .j  B  1  '  o  a 

7.57 

2253 

c  2  b  2  d 

s.  is 

2302 

r  =  r 

8.18 

2107 

o  5  r  3  rf 

8.56 

221  1 

a'  :■;<  ■_.  v   1  a 

7. OH 

22S2 

c  3  b  5  '/ 

8.40 

2415 

B  1  a 

7.03 

2117 

d  1  B  3  1 

8.82 

22 1 2 

n'  5  B  1  a 

7.63 

a'   is  .4.  S.  1 

.  No. 

">. 

MAX  WOLF'S  TWO   SMALL    PROPER-MOTION    STARS    IX 

By  E.  K.  BARNARD. 


SERPENS    (A.  N.    in:  I 


In  .1.  N.  4981  Dr.  Max  Wolf  rails  attention  to  his 
discovery  of  two  l'aint  stars  with  large  proper-motions. 
The  two  arc  (according  to  Wolf)  moving  in  t lie  same 
direction  but  with  slightly  different  velocities.  The 
distance  between  them  is  more  than  one  minute  of  arc. 


• 

3 

• 
782 

0"        30"       60" 

J 

B 

1     1     |     1     1 

Wolf  No.  78 1 
782 


Mag. 

16 
13.5 


P.M.    Direction 

l".:,  I        iso 
1   .43        iso 


According  to  the  above  the  fainter  star  lias  the  larger 
notion.  It  is  more  than  probable  thai  these  two 
stars  are  in  sonic  way  physically  connected,  and  if  so 
they  are  probably  relatively  near  to  us.  The  south 
preceding  star  is  the  fainter.  It  cannot  be  brighter 
than  the  10th  magnitude;  under  ordinary  conditions 
it  is  a  rather  difficull  objed  to  measure.  I  have 
made  the  following  visual  observations  of  these  objects. 
The  north  following  and  brighter  one  was  compared 
with  an  11  or  12  magnitude  star  (which  we  will  call 
.1  )  south  following  it . 

782  (13m.5)  and  .1 


919.479 

L55°.41 

171".r,r, 

il  n.) 

020.1s:; 

L55  .os 

170  .35 

i  ( i  5  n . ) 

1920.484 


782  and  7S1  (K.-i 
201   .11  07". 03  (4  71.) 


At    the  ob  ■  of    1919  the  conditions  were  not 

good  enough  to  measure  the  smaller  star. 

i  mi    1020  July    13   the   star   .i    was  compared   with 
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N°-  770 


1    G.  C.  •  123,  from  which  the  following  position 
of  i1  was  obtained: 

L920. 0  a  L5h  .".:;■"  22s.46  ,  5  +  5V  20'  7".6. 

The   brighl   r  star  of  the  two   (the  north  following 
one)    was    compared    with   a    slightly   less   bright    star, 
following,  which  we  will  call  B. 

The    micrometer    measures    with    this    star    give    the 
on  i>f  782: 

782  and  B 
1920.569     85°.69     117".  IS     (6«) 

L920.0  a  I5h  53m  17s.6o  .  o  +  .V  22'  12".8. 

Correction  for  motion  in  declination  has  been  applied. 

il  illiams  Bay,  Wist  o 

NOTE   ON   THE   PROPER-MOTIONS  OF   B.  D.    +1°4134  AND   B.D.    +1°4135, 

By   FRANK   SCHLESINGER. 


In  preparing  printer's  manuscript  for  the  photo- 
graphic catalog  of  equatorial  stars  compiled  by 
of  a  doublet  lens,  the  writer  noticed  that  the  pho- 
tographic positions  of  these  two  stars  differ  largely 
and  in  the  same  sense  from  those  given  in  the  Albany 
zone  of  the  A.  G.  Catalog.  The  two  stars  are  2' 42" 
apart,  and  their  visual  magnitudes  are  8.5  and  8.8. 
Their  spectra  (kindly  communicated  by  the  Harvard 
observers  in  advance  of  the  publication  of  the  New 
Draper  Catalog)  are  both  K0. 

The  photographic  positions,  reduced  to  the  equinox 
L875.0,  are: 


Preceding  P 
Following  Plate 


Preceding  Plate 
Following  Plate 


B.  D.  +1°4134 
19h  47'"  5.V.40,    +1:  37'31".6 
L9h  17  ■■■'  55s.40,    +1    37'31".9 

B.  D.  +1°4135 
L9    48  '    6M8,    +  I    37'  22". 7 
L9b  is'"    6S.15,   +1    37'  22".3 


The  epoch  of  these  observations  is  L914.5  in  each  case. 
The  Albany  positions  for  the  same  equinox  are: 

L91    IT     55  .45,  +  1    37'  41".0 

19h  48'"  G-.24.  +1  37"  31".8 


The    epochs    of    observation    are    1880.1    and    1879.7. 

The  propei  -, 


.1(2:;  in  R.  A. 
.033 


".269  in  Declination 

-".267 


Both  these  stars  are  included  in  the  recent  catalog 
published  by  the  Cincinnati  Observatory,  where  the 
following  proper-motions  are  given: 


B.  D.  +1°4134 
B.  D.  +1°4135 


■".013  in  R.  A. 
.000 


-".299  in  Decl. 
-".29 


It  is  therefore  certain  that  these  two  stars  form 
another  of  those  interesting  systems  in  which  the 
linear  separations  are  so  great  as  to  make  their  mutual 
attractions  very  feeble;  but  in  which,  nevertheless, 
large  common  proper-motions  are  present.  A  number 
of  such  casts  have  recently  come  to  light.  A  systematic 
search  of  existing  catalogs  for  additional  pairs  would 
be  well  worth  while,  and  a  study  of  their  motions  as  a 
whole  would  probably  lead  to  important  conclusions. 
The  radial  velocities  and  the  parallaxes  of  these  objects 
should  also  be  determined. 

Yale  U)  atory, 


C  O  N  T  E  X  T  S  . 

0  iTIONS    OF    \ 

Max  V  a-MoTiON  S  \     198]  ,   v.\    I  .   !..   Barnard. 

■  i    B   D        1    1 1:;  l    wi>  /;.  D.  +] 

i  R.  S.    Woodward. 
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OCCULTATIONS   BY    THE    MOON   AND    VENUS, 

ITOKY. 

[Coi   :  bj  Rear  Admiral  J  A.  Hoogewerff,  U.  S.  Navy,  Superintendent.] 


Date 

Object 

26-Inch 

12-1 

W    Sid    T,          W.  M.  T. 

■ 

Rem 

By   the   M 

OO 11 

1,      ni      a         Ii      iii      a 

ll           III           9                 1.           Ill           3 

Aim. 

7 

14  Sagittarii 

DD 

20  38  28.7 

1 1  35  7)15. , 

V 

17S 

Bn 

i 

1  1 

c'  Capricorni 

DB 

20  13  'J7.7 

11  25    8.2 

f 

178 

Bn 

2 

20  13  27.8 

1  1  25    8.3 

/ 

160 

Ii 

4 

1  1 

c1  ( 'apricorni 

11  Ii 

22     1  14.0 

12  42  41.7 

f 

17S 

Bn 

:; 

22     1   1  1.2 

12  42  4  2.0 

/ 

160 

B 

5 

IS 

IS 

5 

DB 
DD 

i)  19    2  2 

1  53    9.7 

_>()  40  58.5 

1 5    2  31.1 
L6    6  28.1 
9  44  21.7 

f 
3 
V 

17S 
183 
388 

Bn 
Bn 
Bn 

1  53  lo.o 

10    6  28.4 

/ 

1  17, 

B 

5 

267  B.  ■' 

5 

267  B.  > 

KB 

21  56  49. s 

1  1     i)    0.6 

17S 

Bn 

Oct. 

L6 
L6 
6 

2  29    5.6 

3  is  25.6 

'7' 

178 
L83 

Hi. 
Hl 

6 

7 

2  29    5.2 

3  18  25.6 

19     1    12. s 

11   is  L6.4 
15  37  28.7 

1 

vp 
P 

l> 

Hill 
1  15 
115 

Ii 
Ii 
li 

8 
9 
10 

6 

K  Aqiim 

20    7.21.7. 
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l> 

160 

li 

1  1 

6 

207  B.  Aqua) 

21  16  51.8 

8  18  16.1 

/ 

17S 

Hi. 

21   16  51.8 

8  18  lo.o 

/' 

115 

B 

6 

207  B.  A  ii no 

V 

B 

12 

Nov 

1  1 



I    B 

L3  33  17.9 

vp 

8 

11 



6  12  46.5 

1  1  39  22.0 

115 

B 

'J 

Dec. 
Jan. 

LO 

to 

5 

DB 

6  19  48.2 
9  45  47.. 2 

13  4     9,1 

14  22  L5.6 
14  47  18.9 

./' 
/ 

17S 
183 

17S 

II  l 
Hl 

1  ! 

ii   19    19.1 

13     I  10.6 

i  1  22  17,.  7 
11    17  1S.I 

f 

1  15 
115 
160 

B 
B 

L5 

i  oru'm    . 

5 

162  B.  ' 
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15  35  17.7 

f 

160 

B 

16 

28 

121  B.  Arietis 

8  19  45.8 

12  21     2.S 

P 
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Hi. 

8  49  45.9 

12  21     2.8 

V 

160 

li 

9 

:;i 



|.|: 

10  21  21.1 

1 

10,0 

B 

to 



8    0  33.2 

1  1  20  10.5 

I 

160 

B 

17 
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/;.  D.  +19 -.mo. .  - 

7  17  35.3 

lo  37  19. i; 

9 

Hi. 

39 

31 

31 

2 

2 

1  l 
11 

RD 

11  47  14.2 
7    5    6.9 
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15  19  16.2 

16  53    7.7 

10  17     1.4 

11  30    3.4 
17  "1  26.7 
L9  28    2.8 

f 

f 
f 
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is:: 
L83 
L83 

Hi 
Hi. 
Hl 
lh. 
Hl 

19 
10 

18 

"l 

7  12  21.1 

8  32     l.o 

7     5     7.1 

s  is  24.3 

17)   19   16.0 

II     2     1.7 
11  51  33.1 

10  17     1.6 

11  30    6.8 
17  7,4  26.4 

f 
f 

f 
f 

160 

Too 

160 
160 
160 

B 
B 

li 
B 
B 

9 

22 

9 

4 
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N°- 


H:,t- 


26-Inch 


W.  M.  T.       See'g  Pow'r  Obs  Re 


12-Imh 


W.  M    T.       See'g  Pow'r  Obs.  Rem 


By  the   Moon 


Feb. 

26 

26 

Mar 

1 

1 

2 

2 

29 

29 

30 

30 

Apr. 

2 

2 

Mav 

3 

3 

27 

31 

;;i 

9 

9 

27 

27 

282  B.  Tauri 

L.G.  Berlin  .1   122s 

B.  ( 'ancri 

S4  B.  Cancri 

-   





antis 

lantis 

\  Virginis 



41  Libra  

1 1  Libra 

n  is 

5  s  G.  Scorpii 

5s  G.  Scorpii 

im 

\  /'  scium 

ii 

."iii  B.  Scorpii 


DD 

9  25  16.0 

11     2  55.8 

P 

L83 

Hi, 

23 

DD 

9  34  13.3 

1111  21.7 

l> 

183 

Hl 

23 

DD 

9  12  28.5 

in  33  56.8 

i 

is:; 

Hl 

9 

RB 

LO  25  i5.2 

11  47     1.4 

f 

183 

Hl 

24 

DD 

8  53  47.X 

10  11  22.7 

f 

183 

Hl 

25 

RB 
DD 

10  12  7,4.0 

11  30  L6.5 

f 

■ 

L83 

Hl 

24 

RB 
DD 

12    6  51.3 

11  33  19.8 

f 

L83 

Hl 

30 

RB 

13  18  51.9 

12  15  38.5 

/> 

183 

Hl 

31 

DD 

L3  50  35.1 

13    ."»  28.8 

V 

17S 

Hl 

RB 

14  21  47.1 

13  30  35.7 

V 

is:; 

Hl 

33 

DB 

L2  36  36.0 

9  19  48.7 

VP 

17s 

Hi. 

34 

RD 

13  53     1.7 

11     6    4.0 

P 

183 

Hl 

DD 

12  45  10.5 

s  '24    0.0 

f 

183 

Hl 

DD 

17  28  31.8 

12  50  51.2 

f 

183 

Hi. 

KB 

IS  26  14.(1 

13  is  24.0 

9 

1S3 

Hl 

36 

DB 

is  19  28.4 

13  36  11.3 

vp 

178 

B 

s 

RI) 

19  17  55.2 

14    4  33.5 

P 

is:; 

B 

9 

DD 

L9  19  it;.;, 

12  55  38.1 

VP 

17s 

Hl 

37 

DD 

19  20  49.8 

12  56  41.2 

vp 

17s 

Hl 

9  25  16.2  11     2  55.9 
9  34  13.5  1111  21.9 


s  53  17.:*, 
in  L2  57.8 
7  42  4.7 
9    4  30.8 

12  6  51.6 

13  is  47.6 
13  50  35.0 


10  11  22. S 

11  30  20.3 

7  13  42.4 

8  36     4.1) 
11  33  50.0 

13    5  28.7 


12  36  34.4    9  40  47.1 

13  53    5.011     6    5.2 


115     1?      10 
115    B       9 


160 

B 

160 

B 

115 

B 

160 

B 

115 

B 

160 

B 

160 

B 

160    B     13 
160    B 


Bi    1 

Jan.      I  />v  1890)4649]  rd | |l3  16  48.8|l8  21  43.9J  p     115     B  |  38 


Occulting  bars  wire  attached  to  eyepieces  of  powers  178 
11 D  =  reappearance  dark  limb; 


All  observations  were  recorded  on  chronograpl 
and  160. 

Ph.:    DD  =  disappearance  dark  limb;    DB  =  disap]  earance  bright  liml 
RB  =  reappearance   bright   limb. 

bs.:    Hi.  =  A.  Hall;   Bx  =  H.  E.  Burton;   B  =  Ernest  Clare  Bower. 

Ren  r    very    faint.     Clouds.       2     Gradual.     Haze.     (3)    Haze.     (4)     =  2.     (5)    Late    0.2.     (6) 

Uncertain.     (7)  Dark  limb  visible.     (8)  ±6S.     (9    LateOM.       U  15.     (11)  Late  3s  ±  2s.     (12)  Late  6s  ±  3s. 

ry  faint   when  first  seen.     (13)    =3\     (14)    Early.        L5         1.       L6     Late   0s   to    10s.     (17)     Uncertain 

whether  an  observation  of  the  reappearance.     This  object  has  not  been  identified.     (18)  Late.     (19)  Uncertain 

ppearance.     Clouds.     (20)   Late  21  >-.     (21)    Uncertain  whether  real  reappearance.     Daylight. 

(22)   Late    I1,.       23     Windy.       24)    Late    1.     f 25 1   Partial     I  ice  2S.7  earlier.     (26)    late  0.15.     2\ 7 

■tar  lost  aboul  half  its  light  during  about    l  L>-,  then  brightened  perhaps   to  normal.     Sky 

apparently  clear.  7         .:  .       28      Late    0M.     Clouds.     (29)    Late    3s    =  1 '  ■_>'.     (30)    Late  0.1.     Star 

fuzzy.     (31)    Late  3s.       32)      Lai  Sidereal  tune   may  he    1-  earlier.      (34)    Early 

ain   rn    1.     Star  faint.     Clouds.     (36)    Late    2.     (37)    first    disappearance  2.0   earlier. 
(38     Certainly   late    10=.     Possibly    late    V     to    l'v     or  more.     (39    Late.     Eyepiece  fogged.     (40)  Eyepiece 

V    S.  A  i:  1 1    i 
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NOTE  ON   SOME   FORMULAS  USED   BY   G.   W.    HILL   IX    HANSEN'S   METHOD, 

Bi   HANS  OSTEN. 
Mr.  Innes  suggested  thai    1  comment  on  his  note 


(A.J.  731)  upon  the  above  subject,  so  1  beg  leave  to 
state  the  following: 

The   difficulty   of   reproducing    Hill's   formula   for 
r-  a2  T 
~K~i —  seems   to   arise  principally  from  the  fact,  thai 

in  the  Astronomical  Papers,  Vol.  IV,  to  which  all 
pages  cited  here  refer,  there  lias  been  made  no  dis- 
tinction in  the  notation  between  total  and  partial 
differentiation.  Therefore  il  is  not  permissible  to 
interchange  the  order  of  differentiation  with  respecl 
to  /•  and  (j  without  making  the  necessary  allowance. 
We  shall  let  d  =  partial,  d  =  total  differential. 
Moreover  it  must  be  kept  in  mind  that  T  is  originally 
a  function  of  the  two  independent  variables  ./'  and  r. 
If  a  function  of  r  has  been  replaced  e.  </.  by  a  function 
of  f,  then  this  substitution  must  lie  made  after  differ- 
entiation. 


Hill  calls: 


we  want 


dT 

dr 


a2  T 

dr- 


d  B 
dr 


-   />, 


but  for  greater   clearness    we    start    with   the  original 
value  of  T.  page  200,  and  put 


d  T 
dr 


<r  T 

a 


9  in   d  9 

7/7  J] 


T  =  m 


dn 
dr 


d  9 


d  n 

dr 


djl 
dr 


d*Q 
dfdr 


+  "      '•  ^ 


a2n 

dr2 


d-  in  d  9  dm    d-  9  d"  n      d  9. 

~d~?  Jf  dr   df  dr  d  r-  '    d  r 


djl\ 
dr  J 


d_n 
d  r 


(')-  <  >         d_Q 

a  ?       a7 


d*9 

+  m  .,   +  n 

df  d  r- 


d  r3 


+  2^ 
d  i- 


ln  older  to  facilitate  the  numerical  computation  the 
derivatives  with  respect  to  /  are  replaced  by  total 
differentials  with  respect  to  g,  viz. 


d  9. 


9  Q  df        d  '.'.  d  r 

a/  d j      a  /'  </ ;/ 


d 
dg 


'  'Ll  4.  .  d'9-  'LI  j. 


d_ 
dg 


d  r 

.2   ^11"  ) 

"  d  r2  / 


3  r  d  g 

,  a2 n  </  /■ 

,),■•  d  g 


df  dr  <l  i 


d  r-  il  g 


,'»'  9    d  f         s  ,i;  JJ  ,/  r 
a/ 3) ■"  dg   '    '    3r3  dg 


Substituting  the  elliptical   values: 


df 

a2  cos  p 

r2 

dr 
dg 

hi  --mi  / 

dg 

cos  <p 

and  solving  the  equations  we  have 


an 

df 


r  il  9 

-    "     , 
ir  cos  (5        <l  g 


re  sin  f  d  9 

«-  cos"  <p         d  r 


d29    _  r        _d_ 

df  dr         ir'  cos  <p  <l  g 


.<    9 
a/772 


1 


n'-'  cos  <p  d  (J 


d  9 
dr. 

re  sin  / 

ir  cos2  <p 

,  d-  9' 
r    J? 

sin  /' 


a2  9   ,     a  o 


a  /•'- 


a/- 


a3 12   ,  „     a2  fi 
a?  +  2ar  a7^ 


Further  we  put 


,r 

cos  <p 

a  »i 

..'! 

ar 

n 

COS    0 

and  from 

a m 
77 

=  .1 


=  M 


mrc  sin/ 


=  B 


a        ir  cos-  p 

a «  /■       a  /»  /'•'  e  sin  / 


a  r  (i 


a  /■  a2  cos2  p 


=  AT 


2  7,   cos  (/  -  w) 


and 


a  n 
77 


COS  <? 


sin  (/  -  w) 
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=    -  2.1/ 


we  gi  i 

d-  m  H 

^    en-  ip 

d-  n  .<■-         ('I-  in  r3  i   sin  / 
c'i  r  n         d  r2  a    ci 

After  the  necessary  reductions,  introducing 

r/       /    .  a-  9.  .       a  n        d 


=   -  2.V 


a2  v.  do 

dg  3r2  9?'  d  g 


dg 


bm*} 


_d_ 
dg' 


a , 


inst<  ad  of 


and  calling 


d_ 
dg 


,  (>"  fi 


>''.'.   ,  „    a2n      an  /    a 


dr3 


'     dr 


d  r 


we  get,  using  the  V  of  page  199 


fi  r2         '     '/  </ 


+  2M 


dg 


m-*]+B. 


■)  +  2  A  or    r  ^—  + 


a  / 


a  r2 


n  -  y 

an 

5r  ' 


-  2  .1/  a 


d  fi 


2  A"  a 


a  fi 


d9  a, 

which  is  equivalent  to  Hill's  formula  page  341. 

The  second  point  refers  to  separating  the  perturba- 
tion v  into  a  constanl  term  c  and  the  purely  periodic 
remainder,  page  20-21.  If  the  constanl  c  is  intro- 
duced from  the  firs!  approximation  on,  then  parts  of 
the  second  order  perturbations  are  already  included 
in  the  first  order  terms,  and  so  on.     The  equations  for 


the  second  and  third  order  terms  are  to  be  modified 
correspondingly  (page  200).  In  the  perturbative 
function  only  the  quantities  r  and  r' .  and  their  function 
A  have  the  increments  (1  +  c)  and  (1  +  c'),  and  if  the 

«'(1  +  c') 


computation    yields,  for  example, 


instead 


of 


this  factor  (1  +  c')   must    be  cancelled,  which 


has  been  done  by  giving  n  and//  (page  66)  the  multi- 
pliers required.  It  is  readily  seen  that  on  the  same 
d  fi 


page  a   fi  and  in- 


,1 1 


are  correct  and  on  page  522  the 


computation    of    the   third    coordinate    has    been   put 
right. 

As  to  the  third  point  mentioned  in  Innes'  Paper  we 
have  only  to  state  that  Hill  retains  the  second  order 
in  the  sine.  As  there  are  no  first  order  terms  in  the 
sin  il  —  /  —  7T  —  T).  the  cosine  of  this  arc  is  unity, 
neglecting    quantities    of    the    fourth    order.     So    1  = 

f  +  it  +   T   -   \.<  -j-  .  page  518,  is  really  a  legitimate 

approximation. 

The  error  in  Hill's  Theory  of  Jtipiter  and  Saturn, 
pointed  out  by  Mr.  Innes  in  No.  OSS  of  this  Journal 
and  found  independently  by  myself  (see  Astr.  Nachr. 
Bd.  210,  No.  5025)  fortunately  proves  to  be  practically 
negligible.  1  have  computed  the  largest  terms  result- 
ing for  Arc'  53  z'  for  Saturn  and  found: 

Arc'  0"  :',   T  =  1  Jul.  century 


Arg. 


+  1  0 

+  4  -2 

+  5  -2 

+  0  -2 


+0.0049 

-0. 11152 
+0.0035 


+  0.0010 

-0.0016 

-0.0102 
+0.0012 


-0.0152 
-0.0165 
+  0.0036 


+0.0039 

-0.0019 
+0.0068 

-0.0012 


that  no  correction  to  that  celebrated  work  is  required. 


NOTE   BY    R.  T.  A.  INNES 

1  ace         I                     -  '-  findings  on  each  of  the  four  no  in  I   would  like  to  say  that  when  1  wrote 
points.     1    wrote    to    him    because    his    work    on    the  Hf.hu  Osten   I  told  him  that   1   bad  alreadj   oa 
.Minor  planel    117   Valentine  showed   that    he   was  a  my   first    difficulty.     I    had   fallen   into   error   by   con- 
master  of  Hani                        1  of  con                     1  urba-  fusing 

tions   a  Mill's   work   on   Jupitt  iturn  .  d- 

0  him.     Alt  hough  it  is  a  i  '    a  r2 
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>r  what  is  the 


unc  i  hing 
d 


.,:: 


with      o-  -—5 
a  a  J  a  a- 


d  , 


d  d- 

T~  +  a  T~  ■> 
a  a  a  a- 


Newcomb,  Astr.    '  ■  \.  p.  6).     Willi  Herb 

Ost]  \.  I  agree  thai  separate  signs  should  Ik-  used  for 
partial  and  complete  differentiation. 


Vrg. 

"0  / 

',)'* 

a     1  , 

-  v 

±Yv: 

dr'J 

cos 

.-in 

cos 

e 

in 

Hill 

(  ',    |T.    C    1 

Hill 

(  !oi  r  ■'■!(. 1 

1 1  LI. 

( ' 

irn  .'i  d 

Hill 

<  lorr  <■!'  il 

V        i 
0       0 

I)  -1 

-1.820 
-0.184 

+2.584 
-  0.516 

n. :10S 

-0.597 

+ 

7.00:; 

1.171 

+ 

6.335 

(1.007 

+  o.sss 

+ 

o.oor, 

0-2 

(1.023 

-0.035 

+  0.0  1:; 

+0.064 

+ 

0.068 

+ 

0.001 

+  0.135 

- 

0.120 

0    -3 

+  0.002 

+  0.002 

+  0.003 

+  0.002 

0.001 

- 

0.003 

-   o.ooi 

- 

0.001 

1    +1 

-0.065 

o.l  19 

+  0.021 

+  0.0;;  1 

+ 

0.21!' 

+ 

0.184 

0.054 

— 

O.OIS 

1        0 

+0.1.-.1 

+  0.710 

+  0.137 

+0.836 

- 

1  .:,70 

- 

1.282 

-   2.043 

- 

1.7  13, 

1    -1 

-0.339 

+  0.01  1 

+  1.593 

-4.712 

- 

3.0-:, 

- 

3.303 

+  18.109 

+  10.100 

1    -2 

-0.296 

-0.37.". 

+  0.1  os 

+  0.20S 

+ 

0.499 

+ 

0.30  1 

-    0.132 

- 

O.OIS 

1    -3 

+  0.021 

+0.033 

+  0.02  s 

+  0.0::.-. 

— 

0.058 

- 

0.053 

-    0.020 

- 

0.024 

2    -1 

+  0.477 

+  1.37;. 

+  0.O7O 

-  0.020 

- 

3.137 

— 

2.700 

+    1.70S 

+ 

1.508 

2    -2 

-1.02;. 

-  .i.464 

-0.003 

-  2.305 

+  13.0S3 

11.013 

+   5.559 

+ 

5.068 

2    -3 

+  0.11  1 

+  0.002 

+  0.12O 

+0.O7:; 

- 

0.090 

- 

0.066 

+  0.045 

+ 

0.001 

3    -1 

+0.129 

+  0.20S 

+  0.097 

+  o.oos 

— 

0.02:, 

- 

0.:,  17 

-   o.l  10 

— 

0.150 

3    -2 

-0.027 

-0.567 

-1.038 

-1.00:, 

+ 

1.489 

+ 

1.282 

+  4.058 

+ 

3.721 

3    -3 

-1.041 

-3.41.-i 

+  2.882 

+  4.0SO 

+ 

7.037 

+ 

6.594 

-10.1  S3 

- 

9.538 

3    -4 

-0.100 

-0.20S 

-0.069 

-0.042 

+ 

0.508 

+ 

0.518 

+  o.oos 

+ 

0.005 

4    -2 

+  0.100 

+  0.21  S 

-0.224 

-0.420 

_ 

0.344 

— 

0.339 

+  0.848 

+ 

0.700 

4-3 

-1.022 

-2,130 

+  0.020 

+  0.339 

+ 

1.001 

+ 

4.314 

-  0.02s 

- 

0.814 

4    -4 

+2.794 

+  3.826 

+  2. SSI 

+  3.000 

- 

0.012 

- 

6.591 

-    7.300 

- 

0.002 

4    -5 

-0.083 

0.07.", 

+0.308 

+0,110 

+ 

0.087 

+ 

o.oss 

-    0.70S 

- 

0.702 

5    -2 

+  0.003 

+  0.0S3 

-0.000 

-0.032 

- 

0.1  13 

- 

0.134 

+   0.075 

+ 

0.064 

;-,     -3 

-o.:;:;;. 

-0.522 

-  0.329 

-0.37  1 

+ 

0.000 

+ 

0.021 

+  0.577 

+ 

0.501 

5    -4 

-0.146 

-0.030 

+  2.011 

+2.652 

- 

0.107 

- 

0.124 

-   4.013 

- 

4.394 

5    —  5 

+  3.176 

!  937 

-1.004 

-2.437 

- 

6.566 

- 

6.334 

+   4.000 

+ 

3,. SCO 

5  -0 

+0.403 

+  0,1  SO 

+o.i.:  3 

+0.101 

- 

0.814 

- 

0.803 

-   0.23  1 

— 

0.233 

6   -4 

-O.io:; 

-0..-.20 

+0.418 

+0.575 

+ 

0.803 

+ 

0.770 

-    1.020 

— 

0.000 

<i    -5 

+  2.000 

+  2.553 

+0.446 

+0.453 

- 

L150 

- 

3.000 

-   0.583 

0.583 

6    -6 

-1.011 

-  1.103 

-2.02.-) 

-3,1112 

+ 

1.808 

+ 

L.759 

+  5 : 

+ 

5.147 

0    -7 

+  0.220 

+  0.217 

-0.30S 

-0.456 

- 

0.356 

+   0.713 

+ 

0.703 

7    —5 

+0.435 

+0.551 

+  0.577 

+  0.0.V2 

— 

0.925 

0.882 

-    0.072 

- 

0.945 

7     -6 

+0.728 

+  0.700 

-1.002 

-2.202 

- 

1.127 

- 

1.105 

+   3.3S3 

+ 

3.2S3, 

7    —7 

.  -2.358 

2.637 

+0.285 

+  0.3O.-) 

+ 

3.  SSI 

+ 

3. 70S 

-    0.415 

— 

0.100 

8-7 

-1.524 

-  1.706 

-0.001 

-0.983 

+ 

2.. -,02 

+ 

2.1  12 

+    1.300 

+ 

1.364 

8   -8 

-0.145 

-0.170 

+  1.673 

+  1.825 

+ 

0.283 

+ 

0.277 

-   2.582 

2:534 
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With  regard  to  the  4th  point: —  Hill's  error  in 
obtaining  the  third  derivatives  of  the  Perturbing 
Functions  docs  not  seem  to  have  much  influence  as 
the  terms  of  the  third  order  of  the  masses  arising 
from  the  perturbations  of  the  radii-vectores  mainly 
camel  out.  Herr  Osten  has  actually  computed 
some  of  these  terms  for  Saturn  and  his  paper  will,  I 
understand,  appear  in  the  Astron.  Nachr.  The  results 
are  summarized  above  and  show  that  the  secular 
terms  are  not  appreciably  affected. 

I  give  a  short  comparison  of  Hill's  values  and  the 


corrected    values    of    the    Perturbing    Functions.     (See 
Hill,  pp.  345-6). 

This  table  shows  that  whilst  the  quantities  for 
Saturn  are  only  altered  by  percentages,  many  of  those 
for  Jupiter  are  entirely  wrong.  It  would  be  dangerous 
to  say  off-hand  how  the  final  result  is  affected,  but  the 
change  will  not  be  huge.  The  portions  contributed  by 
the  various  perturbations  for  the  secular  terms  in 
/  and  for  the  chief  part  of  the  great  inequality  are  as 
follows :  — 


From 

0,  0.  0 

1,  0  -1 

0,  .") 

_o 

CDS 

cos 

sin 

eos 

II&-Z 

-0.0000551" 

+  0.0000052 

+  0.0006399 

+  0.0015326 

Sv 

L28 

+       8 

+    1766 

+    11381 

n'SH' 

1186 

791 

225 

+     215S 

Sv' 

415 

+     109 

+     1096 

+     9613 

(n8z)2 

+      64 

52 

is  27 

4691 

iuoz)  (n'Sz') 

52 

98 

3418 

9403 

{n'Sz' 

921 

+     1557 

+    3366 

+     7S07 

(  hdz)  v 
(n'Sz')v 

+      37 
+      153 

IS 
119 

1234 
3058 

3257 
7(171 

{nSz)v' 

+      173 

68 

245 

1270 

{n'Sz')  v' 

316 

258 

1538 

3436 

v- 

+       1 

+      12 

+ 

+      80 

v  v' 

+      88 

79 

+      524 

+     648 

V2 

+     219 

268 

+      575 

+     446 

(From  Hill,  pp.  373  to  3S0). 


It  will  lie  seen  thai  the  last  three  lines  which  are 
the  only  ones  affected  are  not  the  predominant  ones 
and  it  is  quite  unlikely  that  the  correct  values  will 
seriously  modify  the  final  values. 

The   calculation    should    however    lie 
build  up 


For  I,  0,   -2 


;  T  .  etc. 


df 


(Hill,  p.  351)  we  have  for  1,  0,  —  1: 


Hill 
i  ■  rrected 


e.  If  we 

Hill 

+  216".  02 

-0".46 

C'orreci  ed 

-  66  .4 

-0  .46 

+  0.95   +2.74 

-2".60 

+  2".  06 

+  3".5S 

-  9".59 

•  1.83 

6.53 

-6". 48 

+  11.33 

+  7  .46 

-18  .86 

(Consul!  the  last  line  of  p. 351  for  the  meaning  of  the 
last  sets  of  figures. 

These  changes  look  important  enough,  but  they 
may  really  signify  nothing. 

If  in  the  table  above,  we  look  for  the  coemcienl  of 
v-  in  (0,  0,  0)  we  see  it  is  only  +0".0000001  which  is 
an  insignificant  quantity,  bu1  it  is  actually  the  sum  of 


aboul  30  terms  positive  and  negative  which  nearly 
cancel  each  other.  At  the  moment  I  cannot  lay  my 
hands  on  my  work  but  by  memory  the  result  was 
something  like  this:  — 


+  0.00001798/ 
-0.00001784  S 


+  0".  00000014 
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Such  a  result  can  have  little  value.  Jacobi  laid 
down  the  dictum  that  the  method  which  gives  a  result 
as  the  differences  of  two  large  numbers  is  nut  a  good 
method.  In  Herb  Osten's  paper  in  .1.  A.  5025, 
cil.  133  he  points  nut  that  the  second  order  terms 
involving  three  anomalies  lead  to  an  almosl  endless 
series  of  components  rising  now  and  then  to  0".l  in 
the  ease  of  Valentine  as  disturbed  by   Jupiter    and 

Saturn,   and   in   col.    137   lie   points  out    that     the    n 


tude  of  the  quantity  F  (0s)  is  quite  uncertain  as  it 
consists  oi  343  products  some  of  considerable  mag- 
nitude which  nearly  cancel  one  another:  the  final 
result   being   +11711  -  I  1369  =   1  342. 

I   defer   further    remarks    which    might    lake    some 
time    to    prepare   as    tending   to    unduly    delay    Herb 

t  (STEN's    paper. 
Johannesburg,   May    ''•,   19  '". 


TIIK    YARIABLK 

Bi    ELIAS 
1  have  observed  R  Scuti  I  L8h  39m  15s,  -5    MM  L855.0 
a1    Helsingor,    Denmark,  with  my  30"""    Zeiss-binocular 
"Silvarem,"   6X.     The   observations  of   Oct.    15    to  30 

and  Nov.  9,  13,  16,  1919,  were  made  with  a  Busch  bn ilar 

a    prism,    "Terlux,"    45mm,    10X.     The   companion   stars 
were: 


De 


Ni 


(3    p  Scuti 
ij     t]  Scuti 


R.H.P       V,   \ 


7063     IS  41. '.I 


I  '  c 


Ma 


\u,l,. 


4  7)1  4.47  R.H.P. 

714!)     is  51.7     -5  58  5.04  R.H.P. 

.     7os:i     is  44.3     -6  01  6.22  R.H.P. 

-6°  4913....      18  43.3     -0  07  0.53  H.A.  45 

h  Aquikz     ....      18  50.7     -4   11  5.70  


Each  step  equaled  0m.l,  except  in  the  observations  of 
Ma\  s.  9,  11.  1919  where  it  is  0m.2.  I  have  not  cor- 
rected for  extinction.  It  will  l>e  necessary  to  subtract 
Om.27  from  all  magnitudes.  All  estimates  are  given  the 
same  weight. 


G.M.T. 

Weathe 

Colour 

1M8 

1.      m 

in 

Aim. 

917 

8 

R  3  a 

5.92 

29 

2 

s  25 

S20 

R  2  a 

i;  2  2  a 

0.02 
6.0(1 

clear 

Sept 

8 

9 

13 

7  55 
7  1(1 
s  43 

R   1  Q 
R  4  a 
r,  1  R  I  a 

5.82 
5.82 

5.  IS 

reddish 

18 

8    0 

7]  2  R 

5.21 

reddish 

20 
21 

8    0 
6  45 

,,  0.5  R 
v  1.2  R 

5.0!  1 
5.10 

clear 

reddish 

25 

7  20 

v  4  /»' 

5.  1  1 

clear 

distinct  reddish 

27 

0    4 

n  3  R 

5.34 

clear 

reddish 

29 

6  12 

t)  1  R 

5.44 

reddish 

Oct. 

2 

0  21 

i)  i  i:  i 
R  3  a\ 

5.68 

reddish 

6 

8  22 

R  4  a 

5.82 

reddish 

8 

5  3!) 

r,  3  R 

5.34 

reddish 

9 

6  20 

i)  5  R  1  n 

5.68 

orange-red 

23 

5  48 

v  3  R 

5  :;i 

red 

25 

5    0 

v  1.5  R 

5.19 

reddish 

STAR 

R   SCUTI, 

BRESON. 

G  M.T. 

\\  eal  !n 

( lolour 

1918 

i,    ,„ 

m 

Oct. 

27 

5  38 

77  1  R 

5. 1  1 

clear 

red 

28 

;,  37 

v  2  R 

5.21 

orange 

Nov 

9 

1  33 

r,  2  /,' 

5.21 

reddish 

11 

5     0 

r?  2  R 

5.24 

faint  reddish 

12 

5  2 1 

77  4  R 

5.11 

faint  rose 

21 

4  10 

V  5  /,' 

5.5  1 

orange 

22 

4  11 

r,  4  /,' 

5.  1  1 

orange 

23 

1  21 

>;  5  R 

5.54 

reddish 

191!) 

Mar. 

20 

15  30 

77  2  R 

5.24 

reddish 

21 

15  15 

il  5  R 

5.54 

clear 

reddish 

29 

U  55 

v  2  R 

5  2  1 

clear 

distinct  i'i| 

:;i 

15  20 

v  4  R 

5.44 

faint   reddish 

Apr. 

1 

1 5  2  1 

7,  2  R 

5.24 

red 

3 

15     0 

77  3  R 

5.34 

red 

13 

15  10 

774/1 

5.44 

red 

19 

14  15 

a  1  i; 

6.32 

clear 

faint   reddish 

25 

12  is 

1,  3  R 

6.91 

clear 

reddish 

May 

5 

12    S 

b  5  I! 

7.00 

clear 

reddish 

8 

1 2  35 

1,   1  /,' 

7.33 

reddish 

9 

12  25 

b4R 

7.33 

reddish 

11 
17 
20 

21 
5 

12  30 
1  1     0 
10   15 
10  34 
10  28 

b4  R 
* 

R  2  a 

7.33 
<  7.00 
<7.00 
<7.00 

0.02 

June 

,ei| 

7 

11  10 

R  1 .5  a 

0.07 

red 

9 
10 

11   12 
11     6 

I!  2.5  a 

<6.22 

5.07 

reddish 

15 

1  1  25 

I;  3  a 

5.92 

M   d 

16 

11   15 

v  :;  R  3 

1     5.03 

red 

22 

9  35 

7,  0  R 

5.01 

red 

26 

10    5 

v  0.5  R 

5.0!) 

reddish 

27 

10  57 

I;  o.s  „ 

4.96 

red 

29 

9  :,o 

R  o.l  7; 

5.00 

reddish 

If  1  lie  faint  to     - 
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X"     777 


G.M  T. 

h      in 

,„ 

July 

1 

10  10 

R  0.4  t) 

5.00 

n  ddish 

6 

1)  4T) 

R  0.2  i, 

5.02 

r<  ddish 

7 

10  20 

R  1.5  ij 

4.89 

10 

9  30 

,,  ().:;  R 

5.07 

12 

9  30 

14 

9  Hi 

R  0.3  ij 

5.07 

n  ddish 

15 

10  35 

ij0.4  R 

5.08 

clear 

red 

17 

10  10 

i,  0.6  R 

5.10 

ri  ddish 

IS 

U)  20 

i)  1  R 

5.14 

clear 

reddish 

1'.) 

li  55 

7,  L.5  R 

5.19 

red 

21 

10  15 

ij  o.s  /; 

5.12 

clear 

red 

22 

10    0 

q  L.3  A' 

5.17 

red 

28 

10    5 

i?  L.5  ft 

5.19 

red 

211 

10  10 

i,  L.5  R 

5.19 

rose 

30 

10    s 

r,  1.5  ft 

5.19 

red 

Aug. 

7 

10    s 

,;  2.1    R 

5.25 

rose 

8 

10  21 

ij  1.8  ft 

5.22 

rose 

12 

9  10 

ij  1.5  R 

5.19 

reddish 

14 

11    10 

q  1.5  ft 

5.19 

reddish 

15 

s  15 

r,  2  ft 

5,24 

ri  ddish 

17 

8  50 

ij  2.5  ft 

5  29 

clear 

orange 

21 

8  24 

>;  2  ft 

5.24 

reddish 

23 

8  27 

i,  2  ft 

5.24 

25 

S    4 

i,  2  ft 

5.24 

orange 

31 

7  54 

i,  1 .5  ft 

5.19 

clear 

ruse 

Sept 

1 

8    8 

i,  L.3  ft 

5.17 

clear 

reddish 

2 

i,  3  ft 

5.34 

clear 

reddish 

4 

ij  L.5  ft 

5.19 

reddish 

5 

ij  2  ft 

5.24 

reddish 

6 

7  22 

i,  2.5  /,' 

5.29 

7 

7  40 

5.34 

S 

i,  3  /,' 

10 

7  38 

1)   1   R   1  Q 

5.63 

11 

7  10 

ij  1  ft  5  a 

5.58 

clear 

L2 

7  49 

ij  I  /,' 

."».  1 1 

reddish 

11   is 

i,  3  R  4  a 

red 

L6 

7    3 

5.68 

20 

ft  i  .- 

reddish 

22 

7  21 

ft  3.5  a 

clear 

27 

5.92 

29 

6    0 

30 

6    0 

R  2.5  a 

5.97 

reddish 

Oct. 

4 

6  22 

ft  3  a 

5.92 

7 

6    1 

R  2.5  a 

i    [dish 

9 

6    7 

R  1.2-; 

6.10 

reddish 

( lolour 


Oct. 


Nov. 


11 

6.14 

reddish 

14 

6  14 

R  1.5  n 

6.07 

orange 

15 

6  32 

ft  1 .5  a 

6.07 

cl<  ar 

reddish 

16 

5  28 

R  0.5  a 

6.17 

clear 

n  ddish 

17 

6    9 

R  L.5  a 

0.07 

reddish 

22 

5  is 

R  i  .5  a 

6.07 

orange 

23 

5  45 

/,'  1.2./ 

6.10 

orange 

24 

6    0 

R  'J  a 

6.02 

clear 

reddish 

30 

1  58 

R  3.5  a 

5.87 

clear 

r<  ddisli 

1 

5    7 

ft  0  h 

5.70 

orange 

9 

4  36 

ij  1  /,' 

5. 1 4 

orange 

13 

4  40 

ij  2  R 

5.24 

orange 

14 

4  40 

ij  1.5  R 

5.19 

clear 

reddish 

16 

4  57 

rj  0.5  R 

5.09 

clt  ar 

red 

17 

4  55 

.,  1  R 

5.11 

eh  ar 

reddish 

With  these  magnitudes  as  basis  1  have  constructed  the 
following  light  curve. 


Maximum:  July  4d.6  4-.H7  Et.H.  Ph. 
Minimum:  May  14d.0  7m.33  R.H.  Ph. 
Amplitude:  2m.36 

Period  evidently  irregular. 
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THE   PARALLAXES  OF   2(»1    STARS, 

DETERMINED    B"S     PHOTOGRAPHS    WITH    THI     26-INCU    MCCORMICK    BEFRACTOR, 

Bi    S.   A.    MITCHELL 
Assisted  by  C.  P.  Olivier,  H.  L.  Alden  and  others. 


The  detailed  results  will  appear  as  an  Adams 
Rt  earch  Publication  from  Columbia  University,  and 
as  Volume  1IT  of  the  Publications  of  tht  Leander  Mc- 
Cormick  Observatory.  The  general  method  followed 
has  been  to  obtain  two  photographic  imam's  on  each 
plate,  and  to  secure  plates  at  five  successive  seasons. 
The  scale  of  the  photographs  is  1  mm.  =  20". 8. 

For  purposes  of  comparison,  Dr.  W.  S.  Adams  has 
kindly  communicated  in  advance  of  publication  the 
latest  revised  values  of  the  spectroscopic  parallaxes  of 
Mi.   Wilson. 

In  the  following  table  is  gathered  the  summary  of 
measures  of  parallax  and  of  proper-motion.  ()".005 
has  been  subtracted  from  the  values  of  the  spectroscopic 
parallax.  The  proper-motion  measured  on  the  plates 
is  the  component  in  right  ascension,  or  fia  cos  5, 
but  referred  to  the  particular  se1  of  comparison  stars 
chosen.  The  corresponding  value  is  taken  from 
Boss  or  Porter,  those  from  Porter  being  marked  by 
an  asterisk  (*).     The  proper-motion  from  the  photo- 


graphs may  differ  from  the  catalogue  value  on  account 
of  errors  in  photograph  and  catalogue,  from  motions 
of  the  comparison  stars,  and  from  orbital  motion  in 
the  case  of  binary  stars.  The  average  probable  error 
of  the  proper-motion  from  photographs  is  ()".()l  per 
year.  In  the  column  "Measurer"  is  given  the  initials 
of  the  person  responsible  for  the  measurement  of  the 

plates.       It       has      always      been      the      policy      of      the 

McCormick  Observatory  to  have  each  series  of  plates 
measured  when  possible  by  one  person  only.  '  >n 
account  of  changes  in  the  personnel  of  the  observatory 
staff,  the  measurement  of  a  series  of  plates  started  by 
one  person  at  times  has  been  completed  by  another 
In  such  cases  the  initial  of  the  person  is  given  who 
measured  the  majority  of  the  plates. 

M  =  S.  A.  Mitchell;  Ol  =  C.  P.  Olivier;  A  = 
II.  L.  Alden;  II  =  M.  Alberta  Hawes;  D  =  Mar- 
guarite  D.  Darkow;  L  =  R.  C.  Lamb;  P>  =  (I.  B. 
Briggs;  G  =  P.  H.  Graham;  F  =  Jennie  V.  Frani  e. 


No. 

Star 

R.  A. 
1900 

Decl,  L900 

Mag.  and 
Sped . 

/' 

Parallax 
Mc<  lormick             _g//  (1()- 

Proper- 
Obs. 

Motion 
Hess. 

Meas. 

1 

8  Cassiop    

i)      in 
0    3 

+58  35 

2.42  F, 

0.51 

+0.05S±0.011 

+  0.064 

+0.524 

+0.529 

M 

2 

D". 130       ... 

0  32 

25   19 

5.71  K0 
2  2     Ko 

1.39 

+ 

.086±   .010 

.061 

+  1.394 

+  1.384 

A 

3 

a  <  'assiop   

ti  31 

4-55  59 

2.8 

0.060 

+ 

.025  ±    .005 

.015 

+  0.041 

+0.051 

M 

4 

."it  Piscium 

ii  :;i 

+  20  42 

6.08  Ko 

0.61 

+ 

.101  ±    .012 

.100 

-0.477 

-0.463 

D 

5 

Lalande  1198 

0  39 

+   1  15 

8.14  Ko 

0.591 

+ 

.039  ±   .008 

.045 

-0.058 

-0.063* 

Ol 

6 

H  i  'assiop  A 

0  43 

+  57    17 

3. til    F8 

1.242 

+ 

.180±   .008 

.161 

+  1.171 

+  1.127 

M 

7     n  Cassiop  B 

(1  43 

+57   17 

7.6     Ko 

1.242 

+ 

.17S±    .009 

.161 

+0.999 

+  1.127 

M 

8 

Lai.  1799   

0  57 

+  4  31 

s.  1      K, 

0.438 

'+ 

.022  ±   .007 

.058 

+  0.268 

+0.353* 

H 

9 

t  Piscium' 

0  57 

+  7  21 

4.45  Ko 

0.085 

+ 

.022  ±   .008 

.009 

-0.066 

-0.080 

A 

10 

3  Androm 

1     4 

+  35     5 

2.37  Ma 

0.216 

+ 

.05S±   .008 

.037 

+0.248 

+0.181 

Ol 

(79) 
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X"    77S 


R.  A 
1900 


Decl    1900 


Mag    and 

Spec! 

4..V2  A, 

0.230 

1.96  1. 

0.356 

3.72  < ;, 

0.031 

Jr.18     G 

0.418 

5.10  I-\ 

0.82 

3.65  K„ 

1.022 

3.08  A, 

0.159 

6.86  <;.. 

0.494 

5.07  Go 

1.15 

5.82  F3 

0.527 

2  9    Md 

0.237 

5.92  K0 

2.34 

3.58  A2 

0.210 

2.82  Ma 

0.078 

3.08  Gp 

0.010 

3.4     Af 
4.2     M° 

0.173 

L.90  V, 

0.039 

S.l     Kc 

0.816 

3.81  K0 

0.072 

4.40  G5 

0.536 

6.12  Go 

0.151 

6.74  F8 

0.71.-, 

3.93  i\ 

0.009 

3.72  K,, 

0.710 

8.2    I  ; 

1.38 

8.8    G6 

1.3S 

4.33  F8 

0.548 

L95  Gp 

0.035 

6.33  A 

0.035 

3.19  K8 

0.130 

5.67  G6 

0.114 

1.48  G6 

4.085 

9.7     A 

1.085 

5.23  A, 

0.072 

1.06  Iv, 

0.201 

5.81  Ma 

0.113 

3.31   F 

0.471 

7.05  As 

6.50  K0 

1.247 

3.29  Iv, 

0.072 

Parallax 
Mc<  !ormick 


Spect. 
n    005 


Proper-Motion 
Obs  Boss. 


11 
12 
13 
14 
L5 

16 

17 
18 
10 
20 

21 
22 
23 
21 
25 

26 

27 
28 
29 

30 

31 

32 
33 
34 
35 

36 
37 
38 
39 

40 

41 
42 
l:; 
44 
15 

Hi 
17 
is 
49 
50 


," 

u  Androm 

i)  Piscium 

v  .1  ndrom 

41  //  .1  ndrom.  .  . 

t  Ceti 

(3  Trianguli 

1141... 

guli 

Lalande  4268.    . 

oCeti 

Piazzi  2h.123  .  .. 

y  Ceti 

a  Ceti 

■y  /'<  rsei 

p  Pi  rsei 

v  I'i  rsei 

Lalande  6320  .  . 

t  Eridani 

10  Tauri 

2  422 

W.  B.  3''. 017 

v  I  '<  rst  i 

S  Eridari 
Laland,  6888 

Lalandi  6889 

t'1  Eridani 

32  Eridani  IU.. 
32  Eridani  Ft.. 
1  Eridani 

43  Tauri 

,;■'  10  Erid.  A 
rr40  Erid.  Bt 

;:  Eridani 



Boss  1128  ...  . 

-'  Ononis     .  .  .  . 

A.G.  U  r    1819 

W.  />.  4M1S9  . 
t  1. 1  poris 


1  5 
1  22 
1  26 
1  31 
1  35 

1  39 

2  3 
2  9 
2  10 

2   13 

2  14 
2  30 
2  38 

2  :>7 
2  57 

2  58 

3  17 
3  20 
3  28 
3  31 

3  31 
3  35 
3  38 
3  38 

3  40 

3  40 
3  42 
3  10 
3  49 

3  53 

4  3 
4  10 
4  10 
4  18 
4  30 

4  42 
4  44 
4  44 
4  56 

7.      1 


+  7.4  37 
+44  53 
+  14  49 
+40  54 
+  42     (i 

-10  27 

+  34  30 

+  23  49 

+33  46 

+   1  17 

-  3  27, 
+  0  21 
+  2  49 
+  3  41 

•  7,:;  o, 

+  38  27 

+  49  30 

-  7.  42 

-  9  48 
+   05 

+   0   15 

-  3  32 

+  42  15 
-10  0 
+  41     0 

+  41  9 

-23  32 

-  ;5  17) 

-  3  15 
-13  47 

+  19  20 

-  7  48 

-  7  48 
:;  58 

+  10    10 

+63  20 
+  0  17 
+  0  48 

-  7)  52 
-22  30 


+  0.047  ±0.013 
+  .023  ±  .010 
-  oio±  .010 
+  .07)2=  .008 
+   .092  ±    .013 


.312  ± 

.010  = 
.034  ± 
.127=*= 
.019  ± 


.010 

I  .is 
.007 
.010 
.005 


+  .001  ±  .007 

+  .137=t  .005 

+  .037  =*=  .008 

+  .017=  .010 

+  .002=  .012 

+  .020=  .012 

+  .013=  .010 

+  .000=  .010 

+  .302=*=  .007 

+  .043===  .000 


+  .007  = 

+  .021  = 

+  .028  = 

+  .134  = 

+  .022  = 


+  .019  = 

+  .194  = 

+  .214= 

+  .010  = 

+  .035  = 

-  .003  = 
+    .151  = 

-  .002 
+  .124  = 
+   .017  = 


.007 

.DOS 

.012 
.011 

.00!) 


+  .028=*=  .009 

+  .06S===  .010 

+  .008=*=  .010 

-  .ooo  ±  .009 

+  .014  ±  .012 


.012 

.009 
.DOS 
.009 
.DOS 

.Oil 
.000 
.017, 
.007 
.011 


+  0.02S 
.010 
.07  1 
.082 

.311 

.031 
.082 

.031 


.133 
.033 
.021 
.018 

.007 

.018 
.004 
.270 
.004 

.047 
.017 
.010 
.082 
.014 

.033 
.043 
.000 

.024 

.008 

.211 


.093 


.001 

.113 


.113 

.025 


+0.178 
+0.372 
-0.019 
-0.190 

+  0.854 

-1.711 
+0.156 

+0.450 
+  1.183 
+0.407 

-0.001 
+  1.791 
-0.059 
+0.018 
-0.039 

+  0.105 

+0.032 
-0.266 

-0.9S6 
-  0.200 

-0.077 
+0.682 
+0.029 
-0.0S3 
+0.629 

+  0.631 
-0.162 
+  0.031 
+0.032 
+0.045 

+  0.076 
-2.224 
-1.767 
-0.083 

+0.072 

+0.027 

+  0.497 
-0.026 
+0.562 

+  0.020 


+  0.220 
+  0.344 
-0.020 
-0.179 
+0.807 

-1.717 
+  0.17,2 
+0.452' 
+  1.153 
+  0.367 

-0.001 

+1.802 

-o.i  17 
-0.013 
+  0.004 

+  0.135 

+0.027 
-0.200 
-0.971 
-0.234 

-0.021 
+0.713* 
+0.009 
-0.093 

+  0.599 

+  0.599 
-0.163 
+0.034 


+0.067 

+  0.075 
-2.220 

-0.07,0 
+0.069 

+0.056 

•  0.171 

+  0.550* 
+  0.020 


A 
A 
Ol 

<; 

A 

M 
B 
II 
A 

Ol 

M 
Ol 

M 
A 
A 


A 
A 
M 
M 

M 

A 

Ol 

M 

M 

M 
M 

F 
F 
A 

A 
M 

M 
A 

M 

H 

M 

M 

Ol 
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M 


Star 


R.A. 

1900 

h       m 

.")   12 

5  24 

5  26 

5  28 

5  30 

5    Hi 

5  411 

5  47 

5    is 

5  ,")1 

5  ol 

5  52 

0     S 

ti   11) 

6   L5 

0   Hi 

1'.    is 

6  22 

6  37 

6  30 

ti   4."i 

6  54 

7  11 

7   14 

7    L9 

7  22 

7  28 

7  28 

7  31 

7  36 

7  38 

7  47 

7  47 

8    3 

s    ;, 

8  11 

s  i:; 

8  34 

s  39 

\l.i      and 
Spec! . 


Parallax 
Mc(  tormick 


Sped 
0   005 


Proper-Mol  ion 
Ob  Bo 


\  .1  urigm  .  . .  . 
3  Leporis  .  .  .  . 
W.  />'.  5h.592 

is  .  .  .  . 
i.  990    . 

s  III.  . 

is  /•'/. . 

i  is  .  .  .  . 

<!  .    .    . 

)/  Leporis  .  -  - 
(3  .1  urigm 

t)  Gem 

2  Lyncis  .  .  .  . 
Boss  L599     .  . 

0  Cam's  Mo.j.  . 
47  Aurigce 

t  <  ri  ///  i 

97  Mi  i 

Lalande  L3427 
Boss  1846.    .  . 

141  lii 

8  <  \  in. 

■.irum  . 
(.•'  Geminorum . 

norum . 
,i  i  am  i  Min . . 
■j  Afonoi 
i,  Geminorum  . 

9  Puppis 

290  .  .  . 
p  Puppis 

/,,,'.  L5950 

8  '  'ancn 

/.<//.  10304  .  .  . 
Lai.  17046 

6  '  '.(//(•/■/ 


+  11)     II 

-  3  4  1 
-17  53 
+51   22 

-22  2S 

-22  2S 

-21)  53 

+20  15 

+  54  17 

-14   11 

+44  56 

+  22  32 

+59     2 

-  2  54 

-17  54 
+  4(i  45 
1-25   13 

-  I)  25 
+  4S  3,1 

-12  53 

+  22     9 

+28  I) 
[  31  5'.) 
+  32  I) 
+  32  li 
+   5  2!) 

-  9  19 
+  24  38 
-13  38 
+30  54 
-24     0 

+  32  4li 
+  9  29 
-12  17 
+  11  53 
+  18  31 


4.85  <  So 

2.96  ( i0 

s.s  K, 

2.ii'.)  r„ 

7.9  K 

■ 

C.I  I  (,, 

3,. '.Ill  K0 

1.62  I 

3.88  Ks 

3.77  F0 

2.H7  Ap 
3.2 
4.2 

4.12  A0 

5.18  Ma 

3.19  Ma 
1.99  B, 

6.01  K0 
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<>X    THE   COMPARATIVE   DISTANCES  OF   CERTAIN   GLOBULAR   CLUSTERS 
AND   THE   STAR   CLOUDS   OF  THE   MILKY   WAY, 

By  E.  E.  BARNARD. 


Jusl  as  the  greal  star  clouds  of  the  Milky  Way  art 
as  a  background  against  which  non-luminous  masses 
may  lie  seen  in  dark  relief,  tiny  must  also  act  as  a 
screen  and  thus  hide  any  object  that  is  behind  them. 
This  gives  us  a  means  of  inferring  the  relative  dis- 
tanci  s,  etc.  <if  many  of  the  great  globular  clusters.  The 
rich  regions  of  Sagittarius  ami  At/tula,  in  which  some 
of  the  fini  st  globular  clusters  occur,  are  specially  re- 
markable for  their  density.  That  these  clusters  are 
nearer  than  the  greal  star  clouds  is  evident,  for  they 
would  not  he  seen  through  the  star  clouds  if  beyond 
them.  Several  facts  are  suggested  by  this.  These 
clusters  are  relatively  small  bodies  compared  with  the 
tin  at  star  clouds  of  the  Milky  Way.  Their  distances 
are  hss  than  the  stars  which  make  up  the  clouds  of  the 
Milky  Way.  From  this  it  also  seems  certain  that  the 
individual  stars  composing  them  are  not  comparable 
with  the  ordinary  stars  of  the  Milky  Way:  for  the  lat- 
ter on -i  be  much  more  luminous  bodies  and  presum- 
ably larger,  of  the  clusters  that  thus  appear  to  he 
nearer  to  us  than  the  star  clouds  of  the  Milky  Way  a 

feu    only    will    lie   SI  lected. 
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These  are  all  seen  on  a  bright  stellar 
N.G.C.  6712  i-  -ecu  against  the  splendid  cloud  in  Scu- 
tum and  must  be  nearer  to  us  than  the  great  star  cloud 
itself.  There  are  also  other  clusters  to  which  these 
remarks  apply.  Of  the  other  clusters  that  are  not 
globular,  M  11  is  a  fine  example  of  this  relative  near- 
ness. 


background. 


Yerkes  Observatory,  Williams 
WW,  September  l. 


Bay,  Wisconsin. 
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OBSERVATIONS  OF  060547,   N,s   AURIGA,   AND   MAGNITUDES  OF 
FAINT   COMPARISON    STARS, 

Bi    II.    I..    ALDEN    ind   S     \     VI]  n  111  1,1,. 


'The  observation  of  long-period  variable  stars  with 
the  twenty-six  inch  telescope  of  the  McCormick 
Observatory  was  begun  in  1903  and  continued  reg- 
ularly   until    the    departure    in     1912    of     I' i 

Skim:,  the  former  Director  of  1  be  <  Ibservatory.  Aboul 
four  thousand  observations  had  been  made  during 
thai  time  on  more  than  one  hundred  and  twenty-five 
variables.  After  an  interruption  of  three  years  the 
observation  of  these  stars  was  resumed  by  Me.  Alden 
in  the  summer  of  1915.  Since  thai  time  a  number  of 
the  members  of  the  Observatory  staff  have  taken  part 
in  the  observations  and  six  thousand  additional 
estimates  of  brightness  have  been  made.  The  observ- 
ing program  lias  been  considerably  modified  and 
extended  so  as  to  include  most  of  the  long-period 
varial  ilable  at    this  latitute   whose   magnitude 

at  minimum  is  less  than  thirteen,  besides  stars  of 
special  interest. 

The  large  aperture  of  the  McCormick  telescope 
should  make  these  observations  form  a  very  valuable 
contribution  to  our  knowledge  of  the  variations  of 
these  stars  when  at  or  near  minimum.  The  presenl 
method  of  cooperation  with  the  Harvard  College 
vatory  enables  us  to  concentrate  our  efforts  on 
the  variables  which  are  faint,  thus  supplementing  the 
work  of  observers  with  teli  -<  derate  aperture. 

060547,  SS  Aurigce,  is  a  star  of  special  interesl  since 
it  belongs  to  the  same  class  as  S5  Cygni  and  [    Gem- 
m.     At    minimum  it  is  fainter  than    the  fifteenth 
magnitude,    the   rise   to   maximum    being   ofti  n    very 
rapid.     The  star  was  placed  on  the  program  in  I 
ber     L916.     To    date    two    hundred    and    twenty-six 
observations     have     been     made     showing     s<  venteen 
maxima.      This    paper    contains    the    results    of    these 
igether   with   data    regarding  the   mag- 
es of  the  faint  comparison  stars. 


Comparison  Stars 

A  sequence  of  comparison  stars  for  this  variable  was 
selected  al  the  Harvard  College  Observatory  and  data 
regarding  them  are  contained  in  Harvard  Circular  138. 
As  the  visual  magnitudes  are  there  given  only  to 
13.26,  it  has  been  neeessarj  to  extend  the  scale  to 
fainter  stars  in  order  to  reduce  the  observations  made 
at  this  Observatory.  Since  the  magnitudes  of  fain! 
comparison  stars  are  now  being  determined  in  a 
number  of  variable  star  fields  at  tic  McCormick 
observatory,  the  general  method  of  procedure  will  hie 
described   firsl  .      It    is  as  follows: 

1.  The  intervals  in  brightness  between  the  suc- 
cessive  stars  of  the  sequence  are  estimated  in  grades 
on  al  least  four  nights,  beginning  usually  with  stars  of 
magnitude   eleven   or   twelve. 

2.  The  brightness  of  at  least  five  slars  distributed 
throughout  the  fainter  portion  of  the  sequence,  toget  her 
with  five  brighter  stars  whose  magnitudes  have  been 
photometrically  determined  al  the  Harvard  <  ollegi 
Observatory,  are  measured  on  four  nights  with  the 
wedge  photometer.  The  measures  are  reduced  using 
the  Harvard  photometric  magnitudes  to  determine 
the    ero-point. 

3.  The  grade  estimates  are  reduced  graphically  to 
the  photometric  scale. 

4.  Hagen's  grade  estimates   taken  from  the  Atlas 
",n  Variabilium  and  the  Harvard  grade  es1  imates 

taken  from  the  Annals  are  also  reduced  graphieallj 
to  the  McCormick  photometric  scale  when  they 
extend  to  stars  fainter  than  those  which  have  b  en 
photometrically  determined  at    Harvard. 

(87) 
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.">.  The  mean  of  the  Harvard.  Hagen  and  A I  <<  <  >i  - 
mirk  visual,  and  the  Harvard  and  McCormick  photo- 
metric magnitudes,  or  such  of  these  quantities  as  are 
common  to  a  particular  star,  is  then  adopted  as  tie 
magnitude  of  that  comparison  star. 

In  the  case  oi  SS  Auriga  this  method  has  been 
what  modified.  Sufficient  sequences  were  con- 
tained in  the  observations  themselves  so  that  very 
good  values  of  the  grade  intervals  can  he  detern  ined. 
This  star  is  not  included  in  Hagen's  Atlas.  The 
photometric  measures  were  trade  without  reference  to 
stars  which  have  Harvard  photometric  magnitudes 
hut  they  were  adjusted  to  the  photometric  zero-point. 
The  visual  magnitudes  of  the  stars  /',  s,  ami  /  were  used 
as  given  in  Harvard  Circular  138  since  they  were 
already  in  good  accord  with  the  McCormick  photo- 
metric   magnitudes. 

Table  I  contains  the  data  for  the  comparison  star-. 
Column  one  gives  the  Harvard  designation;  columns 
two  and  three,  the  right  ascension  and  declination  for 
1900;  column  four,  the  Harvard  photometric  and 
colun  ti  five  the  Harvard  visual  magnitudes.  These 
data  are  taken  from  Table  I  of  Harvard  Circular   L38, 


the  visual  magnitude  being  obtained  by  adding  the 
quantity  in  the  " Diff."  column  to  the  photometric 
magnitude  lor  each  star. 

Column  six  gives  the  McCormick  photomet ric  mag- 
nitudes derived  from  measures  made  on  four  nights 
by  (  ach  of  us.  Many  of  the  n  agnitudes  are  the  m<  an 
of  fourteen  separate  bu1  not  entirely  independent 
determinations,  the  aveiage  number  Icing  eleven. 
The  average  deviations  from  the  mean  for  stars  brighter 
than  magnitude  thiiteen  is  0.105  mag.  and  for  those 
fainter  than  magnitude  thirteen  0.174  mag.,  the  mean 
of  all  being  0.133  mag.  The  average  probable  error 
of  a  magnitude  computed  from  the  residuals  is  ±0.035. 
This  does  not  include  the  errors  of  scale.  Column 
seven  contains  the  mean  of  the  grade  estimates,  the 
average  number  of  estimates  for  each  interval  being 
thirteen.  Column  eight  gives  the  McCormick  visual 
magnitude  corresponding  to  the  grade  estimate  for 
each  star.  Column  nine  contains  the  adopted  mag- 
nitudes of  the  comparison  stars,  each  value  being  the 
mean  of  the  quantities  in  columns  four.  five,  six  and 
eight.  These  values  are  used  for  the  reduction  of 
the  observations. 


Desienal  inn 


R.  A. 

1900 


Decl. 
1900 


TABLE   I 
Comparison  Stars 


Mc(  'orinx'k 
Ptm.  Grad  - 


Adopt,  d 
Magnitude 
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12.0 
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10.54 

10.52 

0.(1 

10.51 

10.52 

9 
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8.2 
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10.78 

10.74 

2.S 

10.78 

10.77 

'a 

5 

20.1 

33.(1 

1(1.02 

10.02 

10.77 

1: 

5 

18.9 

47.7 

10. '.IS 

1(1. (id 

10.  SO 

3.3 

10.84 

10.82 

I 

0 

30.0 

40.2 

10.87 

11.10 

10.93 

5 . !  1 

11.04 

11.00 

in 

5 

30.2 

37.4 

11.22 

11. (IS 

11.21 

7.7 

1  1.27 

11.20 

a 

7 

4.9 

40. S 

11.45 

11.30 

11.02 

9.3 

11.43 

11.40 

0 

5 

21.0 

39.8 

i  ,   i.; 

11.80 

11.32 

0.!) 

11.49 

11.51 

l> 

5 

4S.1 

32.1    • 

11. so 

1  1.80 

11.00 

14.4 

11.94 

11.78 

'/ 

6 

9.3 

10.2 

12.42 

12.42 

12.50 

20.2 

12.52 

12.40 

r 

5 

1  1.9 

1S.1 

12.04 

12.05 

10.2 

12.43 

12.37 

S 

5 

18.3 

4  1.2 

12. OS 

13.(15 

24.7 

13.03 

13.02 

t. 

5 

27.0 

44.1 

13.26 

13.11 

20.0 

13.20 

13.21 

U 
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35.7 

11.1 

13.70 

3  1 . 1 

13.76 

13.78 

to 
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39.0 

10.2 

13.94 

32.8 

13.03 

13.94 

X 

5 

:,i.o 

45.7 

14.01 

30.0 

14.44 

14.54 

I.I 

■") 

58. 1 

i:,.  1 

40.4 

14.  S3 

14.83 

z 

."> 

55.0 

i.-,.;; 

13.4 

15.  IS 

15.  IS 

i: 

5 

o;.:, 

15.2 

is.  7 

15.8 

15.S 

Discordant    values    wen    obtained    from    the    visual      the  first  case  the  star  is  almosl  certainly  variable  with 
estimates  for  two  of  these  stars,  namely  o  and  r.     In   |  a    range    of    about    half    a    magnitude.     It    has    been 
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omitted  from  the  reductions  whenever  the  variable 
has  been  compared  with  al  leasl  two  other  stars. 
Otherwise  the  value  given  above  lias  been  used.     Star 

i-  certainly  brighter  than  g  and  a  better  value  of  its 
magnitude  would  probably  be  obtained  by  omitting 
the  Harvard  visual  estimate.  The  value  in  the  table 
was  employed  in  the  reductions  since  the  magnitude 
of  the  variable  would  not  be  changed  appreciably  by 
a  slight  change  in  the  magnitude  of  this  star. 

Subtracting  the  adopted  visual  magnitudes  of  the 
faint  stars  from  the  Harvard  photographic  magnitudes 
given  in  the  above-mentioned  circular,  the  color 
indices  will  be  as  given  in  Table  11.  The  first  column 
gives  the  Harvard  designation  ;  the  second,  the  Harvard 
photographic  magnitude;  the  third,  the  adopted 
visual  magnitude  and  the  fourth  column,  the  color 
index.  In  the  fifth  column  is  the  spectral  type  cor- 
responding to  the  color  index,  assuming  that  the 
relation  between  these  quantities  a-  given  in  Harvard 
Annuls  So,  15]  is  applicable  to  fainter  stars.  This 
assumption  takes  for  granted  thai  both  systems  of 
magnitudes  are  on  the  International  scale  and  that 
the  distribution  of  energy  throughout  the  spectra  of 
faint  stars  is  the  same  as  for  brighter  stars  of  the  same 
spectral  type.  As  the  result  has  no  direct  hearing  on 
the  object  of  this  paper,  the  validity  of  these  assump- 
tions need  nut  he  discussed. 


TABLE    11 
('i>i. mi  Indices  <>f  Faint  Stars 


'hotographic 
Mag 

Visual 
Mag. 

L3.66 

1  3.2  1 

13.91 

13.78 

14.11 

13.94 

15.08 

i !.:  I 

L5.43 

l  1.83 

15.78 

15.18 

16.09 

15.80 

Color 

Spectral 

Index 

Type 

t     II,  1."! 

F6 

+  (1.13 

A, 

-I  n.17 

A,; 

fO.54 

1', 

4-0.60 

<;, 

I  0.60 

G, 

+0.29 

F, 

\  good  check  on  the  pho  i  cale  is  furnished 

by  the  limiting  magnitude  of  the  McCormick  ti  I 

ou1  the  sixiei  nth 
magnitude.  Tic  adopted  magnitude  of  the  star  a 
i-    15.8.     Tin-    star    has    I  bsen  ed    onlj 

excellent  conditions  of  seeing  and  transparency,  and 
while  its  magnitude  has  been  extrapolated  beyond 
the    limit    of    the    photon  eti  ic 

adop  to  check   the  accuracy   (if  the  scale  and 

■I'll     US<  d. 
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Table  111  contains  all  the  observations  of  the  variable 
in  date.  Column  one  gives  the  calendar  date;  column 
two,  the  Julian  Day;  column  three,  the  observation; 
column  four,  the  resulting  magnitude  and  column  five 
the  observer.  The  Julian  Day  is  given  to  two  decimal 
places  because  of  the  rapid  change  in  the  brightness 
of  the  variable  in  some  portions  of  its  lighi  curve. 
Only  portions  of  the  sequences  actually  observed  have 
been  given  here  and  only  the  portion  published  has 
been  used  in  deriving  the  magnitude  of  the  variable. 
The  observations  have  been  reduced  by  Mr.  Alden. 
The  designations  of  the  observers  are  as  follows:- 
M  =  S.  A.  Mitchell,  A  =  H.  L.  Alden,  Ol  = 
C.  1'.  Olivier,  I.  =  K.  C.  Lamb,  and  Br  =  G.  B. 
Briggs. 


TABLE   III 

Observations 

Da 

ulian  l':i\ 
,421,000  : 

( Ibservat  ion 

Mat;.    Obsr. 

IMC. 

Dec. 

17 

2i:.. 711 

V   =   III 

11.21) 

M 

1917 

30 

228.66 

x  5  //  2  z  3  v 

15.25 

A 

Jan. 

11 

240.60 

V   <   X 

<14.o4 

L 

2.", 

254.65 

ii  2  y  1  z 

15.06 

1, 

Feb. 

16 

276.69 

(/  2  A  1  v  1  I 

10.93 

Ol 

21 

284.71 

X  2  y   \   :   \   r 

15.28 

A 

Mar 

:, 

293.69 

invisible  v  <  u  <  w 

<  13.94 

M 

i:> 

303.70 

invisible  v  <  z 

<  15.18 

A 

17 

305.60 

v  <  z 

<  15.18 

I. 

is 

306.56 

ble  v  <  z 

<  15.18 

M 

211 

308.62 

gin  pscd  :  3  v 

15.5 

M 

22 

310.66 

ir  1  .r  1  y  4:1/' 

15.36 

A 

21 

312.62 

W  2  x  3  y  3  z  3  v 

15.63 

M 

2.". 

313.02 

„-  :;  x  3  y  3  ;  2  v 

15.46 

M 

27 

315.56 

w  3  x  3  y  1  v  2  .: 

1  1.9.", 

M 

28 

316.65 

x  '■'<  v       y 

1  1.83 

Ol. 

2'.) 

317.59 

q  2  r  2  r  2  s  3  t 

12.74 

M 

.59 

q  2  r  2  v  2  s  3  t 

12.71 

1. 

.77 

V  =  q 

12.10 

M 

3D 

318.51 

.;  2  k  5  m  2  Vlo) 

n  =  /•  3  y             j 

11,12 

Ol 

.I'D 

///  3  o  =  v  5  /..  "  1  '' 

11,10 

i  >L 

31 

319.55 

..V. 

/  3  m  3  (<  2  v  1  />  6  v  1 
n  1  v                          | 

11.61 

M 

.55 

///  3  v  1  (',  I  4  n  1  v 

11.1.-, 

A 

.55 

in  2  /    2  0 

11.30 

Ol 

.55 

m  2  v  2  o 

11.36 

1. 

Apr. 

2 

321  53 

/)   1  v  2  </ 

12.2:; 

M 

p  3  q  =  v  2  r 

12.26 

Ol, 

.53 

n  6  v  1  '/ 

12.:  12 

A 

90 


THE     ASTRONOMICAL     JOURNAL 


N°-  779 


lb 

Julian  Day                 ,1 

,,_.,                         Observation 
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14.60 

M 

N°- 


T  II  I".     A  S  T  RON  0  M  I  C  A  I,     .1  0  I    I!  X  A  I. 


;n 


Da 

Julian  I >:i\ 
''      2,421,0<XH 

< •bservation 

Mag     Obsr. 

Date 

1919 

ulian  I'm 

,422, ) 

Mag.    Obsr. 

Oct. 

1 

868.71 

('  =  .r 

14.54 

M 

Sept.  23 

225.83 

k  2  v      I  =  -  2  in 

10.99 

M 

2 

869.68 

V  =  .r 

1  l.:.l 

M 

•  luesl  ionably 

bri 

filter  than  n 

) 

4 

871.70 

v  <  13.5 

<  13.50 

M 

21 

220.71 

/  2  w  1  7  =  /.-  4  m  2 

0 

1(1.70 

A 

5 

872.82 

X  1   V 

14.60 

M 

25 

227.71 

/  2  r  =  III  =  o 

11.20 

,M 

7 

874.58 

V    <  X 

<  14.54 

M 

26 

228.73 

in  3  v  =  o  1  p 

11.01 

Ol 

10 

877.61 

x  2  v 

14.70 

M 

27 

220.70 

in  1  ii  2  /'  3  /' 

11.40 

M 

12 

879.81 

V   =  X 

1  l.:.l 

M 

28 

230.72 

/,       1     II     -        II:     Ii     II              1 

1 

3  g      L1.82 

A 

15 

882.64 

v  =  g  =  /.' 

10.S0 

M 

29 

2:;  l.oo 

ji  4  v  4  q 

12.12 

M 

16 

883.65 

11.00 

M 

Oct.     3 

235.67 

invisible  v  <  x 

A 

21 

888.67 

s  3  v 

13.30 

M 

Nov.    3 

266.74 

invisible  v  <  x 

■    1  I..M 

A 

22 

889.59 

1  -1  V 

L3.60 

M 

L3 

270.70 

:  1  v 

I  1.30 

A 

X  c  IV 

27 

925.65 

in  3  a  1  v 

LI. 55 

M 

20 

283.72 

1  3  v  1  in  1  'i 

11.10 

A 

30 

928.76 

t   1    V 

L3.30 

M 

21 

284.75 

/,  2  v 

11.00 

M 

Dec. 

2 

930.60 

v  2  x 

1  L30 

M 

22 

2S.-..70 

v  =  g  =  k 

10.80 

M 

27 

955.65 

x  3  v 

11. so 

M 

21 

287.70 

k  2  v 

11.(10 

M 

20 

957.64 

x  2  v 

14.70 

M 

26 

2S0.71 

k  2  r  3  in  =  o 

10.07 

M 

30 

958.68 

x  3  ' 

14.80 

M 

30 

293.60 

Ii  1  v  2  </ 

12.23 

M 

Jan. 

4 

g  4  v  =  m  2  o 

11.23 

M 

Dec.     1 

294.98 

invisible  c  <  t 

■    L3.21 

A 

5 

964.52 

V  =   III 

11.20 

M 

4 

207.00 

invisible  v  <  w 

<  13.94 

A 

6 

965.63 

in  2  a  =  a  2  /  2  p 

11.60 

M 

•  )■) 

1920 

315.73 

v  =  y 

1  t.83 

M 

s 

967.59 

r  2  v  1  9 

12.43 

M 

Jan.       1 

325.52 

invisible  v  <  t 

•    13.21 

A 

0 

968.56 

g  2  v  3  • 

12.68 

M 

2 

326.60 

invisible  v  <  w 

<  13.04 

A 

in 

969.60 

u  =  J 

13.21 

M 

5 

:  ;20.0(  i 

invisible  v  <  w 

■    13.94 

A 

11 

970.76 

u  1  u 

13.90 

M 

12 

336.70 

V  =  2 

15.18 

A 

12 

971.63 

u)  2  w 

14.10 

M 

.70 

r  =  z 

15.18 

\l 

26 

985.70 

r  =  .r 

14.54 

M 

13 

337.70 

V  =  z 

L5.18 

A 

28 

987.62 

.r  2  v 

14.70 

M 

14 

338.68 

D   =   // 

1  L83 

M 

Feb. 

1 

991.68 

.>•  1  v 

14.60 

M 

17 

341.49 

U   =   // 

1  1.83 

A 

4 

994.62 

a,  2  ii  2 

1 1 .53 

M 

19 

343.65 

r  =  ;y 

L4.83 

A 

5 

995.52 

m  2  o  :i  v  1  p 

11.68 

M 

2S 

352.58 

y  =  z 

15.  IS 

A 

0 

996.50 

p  3  /■  3  <[ 

12.12 

M 

:;i 

355.60 

invisible  v  <  x 

<  14.51 

A 

2,42 

Feb.     '-' 

357.60 

invisible  v  <  mas. 

ll.ii 

M 

1(1 

000.50 

V  1   X 

14.10 

M 

7 

:  102.  on 

v  =  z 

15.18 

A 

26 

016.71 

x  4  r  =  // 

l  t.85 

M 

to 

365.55 

v  =  .r 

14.51 

M 

Mar 

12 

030.67 

///  2  ii  3  r  1  /' 

11.68 

M 

15 

: ',70.0  1 

r  =  q 

12.46 

M 

23 

041.(14 

V   =  X 

14.54 

M 

16 

371.00 

m  3  a  3  o 

11.20 

Ol 

30 

048.62 

x  2  /■ 

1  1.70 

M 

17 

372.52 

./'  1    D   1   k   1   (/ 

■  10.03 

A 

Apr. 

2 

051  63 

<  3  x 

1  1.20 

M 

19 

374.64 

»/  I  v  2  o,  /  5  v 

11,10 

Ol 

7 

056.59 

invisible  v  <  t 

<  13.21 

Ol 

26 

3S1.03 

V  =   y 

1  1.83 

A 

14 

063.58 

invisible  v  <  q 

<  1 2.46 

Ol 

May.   13 

397.58 

v   =   y 

14.83 

M 

17 

066.58 

V   =   X 

1  l.:-l 

Ol 

Apr.    11 

120.0  1 

glimpsed  x  3  r 

1  l.sil 

M 

L9 

068.61 

V  =  u 

14.83 

Ol 

14 

429.65 

:  2  h  2  a 

15.50 

A 

21 

073.62 

ir   1    X  1  V 

14.5  ± 

Ol 

22 

437.66 

/,  3d  1  m 

11.10 

M 

(estimated  brighter 

than  mag.  11. 0) 

23 

138.62 

fc  3  ''  1  iii 

11.10 

M 

26 

075.60 

v  =  or  <  x 

14.6 

M 

24 

139.60 

k  2  ii  2  m 

11.01 

A 

27 

076.58 

v  =  y 

1  t.83 

M 

28 

443.58 

/  1  M  /»  :;  '. 

11.10 

Ol 

May 

2 

081.62 

x  1  v  3  .</ 

14.01 

M 

29 

444.54 

in  2  r   1   ii 

11.40 

A 

3 

082.60 

in  2  c  2  o 

L1.36 

Ol 

May     1 

410.00 

v  2  g 

12.30 

M 

-1 

083.60 

g  =  jfc  2  -  2  m  2  o 

11.00 

M 

2 
3 

447.62 

44S.fi! 

i/   1  r  2  S 
»  =  / 

12.83 
13.21 

M 

M 

i.ug. 

27 

198.90 

invisible  r  <  w 

<  13.94 

Ol 

Leander  McCormicl  Observatory,  University 

of 

'irginia. 

Si  |ii 

20 

222.86 

x  3  r 

14.80 

M 

Angus 

,   1920. 
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PARALLAXES   OF   41    STARS. 


i.M    I'LATCs    TAKEN    WITH    THE     HI    IM  II    TELESCOPE    OP   THE    YERKES    OBSERVATORY, 

By  OLIVER  .1.   LEE  and  GEORGE  VAX   BIESBROECK. 


The  following  stellar  parallaxes  were  obtained  in  the 
year  ending  July  1.  1920.  Only  one  essential  change 
in  the  manner  of  proceeding  has  been  made.  The 
bracket  support  for  the  rotating  sector  was  rebuilt 
in  the  summer  of  1919  so  that  the  disks  arc  now  lo- 
cated less  than  2  em.  from  the  plate  instead  of  14  cm. 
as  heretofore.  This  eliminates  the  danger  of  dis- 
tortion of  the  cone  of  light  of  the  parallax  star  by  the 
axis  and  edge  of  the  sector. 


The  average  probable  error  for  this  list  of  parallaxes 
is  ±0".0090,  the  average  number  of  plates  for  a  field 

is  14.5  and  the  average  number  of  comparison  stars 
for  a  field  is  4.3.  The  seventh  column  gives  the 
annual  proper-motion  in  right  ascension  obtained  in 
the  respective  solutions. 

The  details  of  the  work  will  appear  later  in  the 
Publications  of  the  Yerkes  Observatory. 

Including  this  list  the  number  of  published  par- 
allaxes from  Yerkes  Observatory  is  225. 


No. 

Star 

(1900) 

8 
(1900) 

B.  I>   No. 

Magn. 

Spect. 

Pr 

M 

)per- 

jtion 

Rel. 
Parallax 

p.  e. 

No.  of 
Plate- 

No.  of 
Comp. 
Stars 

Mean  Mag. 

Of  (  '(illlp 

Stars 

1 

B.G.C.  12755 

h 
0 

1 

+  57 

53 

+  57  2865 

6.9 

Go 

+  0.033 

+  0.00S 

+0.015 

12 

5 

9.5 

2 

a  Cassiopeia 

0 

35 

+  55 

.V.I 

+  55     139 

2.1  to 

2.6  A'O 

+  0.005 

- 

.004 

.006 

15 

4 

10 

3 

B.D.  +(i3    137 

1 

0 

+63 

2  1 

+  63     137 

8.6 

A"6 

+ 

.228 

+ 

.068 

.011 

13 

4 

10 

4 

t  <  'assiopeia 

1 

47 

+  63 

11 

+  112     320 

3.4 

55 

+ 

.001 

- 

.006 

.003 

14 

4 

10.5 

5 
6 

P.M.  Star  near  II"  .1;/./. 

B.D.  +45°  992 

2 
4 

12 

44 

+  43 

+  45 

49 
41 

12.4 

7.1 

F9 

+ 
+ 

.044 
.034 

+ 
+ 

.043 
.035 

.015 

.007 

11 
10 

4 
3 

13 
11 

4-  15     992 

7 

'apella 

5 

9 

+  45 

54 

+  45   1077 

0.2 

GO 

+ 

.007 

+ 

.078 

.007 

23 

4 

10 

s 
9 

Comp.  to  <  'apella 

Mean 

B.D.  +17°  1320 

5 

10 

+45 

44 

10 

+ 

.006 

+ 
+ 
+ 

.070 
.073 
.085 

.006 
.004 

.ons 

23 

13 

4 
5 

10 
9.5 

6 

31 

+  17 

38 

+  17    1320 

9.5 

- 

.051 

10 

7  ( it  mi  mini  in 

6 

32 

+  16 

211 

+  1(1    1223 

1.9 

.4 

+ 

.006 

+ 

.044 

.010 

13 

3 

10 

11 

Sirius 

i) 

41 

-16 

35 

-16  1591 

-1.6 

A 

- 

.030 

+ 

.307 

.010 

15 

5 

8.7 

12 

'.(7  Monocerotis 

() 

46 

-   (1 

25 

-    0    1402 

5.8 

A 

+ 

.002 

+ 

.043 

.006 

20 

4 

10.5 

13 

13  a-,  Urs.  Maj. 

11 

2 

+  (17 

32 

4  (17     577 

4.9 

FS 

+ 

.003 

+ 

.037 

.007 

13 

3 

10 

14 

12  at  ( 'an.  Yin. 

12 

51 

+  3S 

51 

+  39  2580 

5.4 

- 

.019 

- 

.011 

.008 

14 

3 

11 

15 

12  a-2  < 'an.  Yin. 

12 

51 

+  38 

51 

2.9 

Ap 

- 

.019 

+ 

.039 

.010 

14 

3 

11 

16 

Mean 

W.B.  131'  211 

+ 

.019 
.040 

+ 
+ 

.015 
.045 

.006 
.010 

13 

5 

10.5 

13 

15 

+  35 

39 

+  35  2436 

9.0 

17 

IS 

Oxf.  ph.  25°  86067 

1  /  cturus 

13 

1  1 

55 

11 

+  25 
+  19 

44 

12 

10.4 
0.2 

K 

+ 

.002 

.075 

+ 
+ 

.006 

.095 

.010 

.006 

12 
16 

4 

4 

10.5 
10 

+  19  2777 

1!) 

14  i  /; 

15 

1 

1   is 

3 

4-48  2259 

- 

,040 

+ 

.077 

.0()s 

20 

3 

10.5 

'Otis  A 

15 

1 

+48 

3 

4.9 

G 

- 

.0  1  1 

+ 

.097 

.008 

19 

3 

10.5 

21 

Mean 

11  ./.'.  L5h  L323 

GS 

— 

.042 

.057 

1 

+ 

.087 
.048 

.006 

.009 

14 

4 

11 

15 

55 

+  28 

1 

\  28  2503 

8.0 

22 

Hi  Draconis 

17 

3 

+  54 

36 

+  54    1S57 

5.8 

F5 

- 

.007 

+ 

.039 

.010 

16 

3 

11 

23 

;j..  Draconis 

17 

3 

5.S 

F5 

- 

.002 

+ 

.049 

.007 

16 

3 

11 

'.'I 

Mean 
55  a  Op) 

+ 
+ 

.046 

.055 

.006 
.008 

11 

5 

10.5 

17 

30 

12 

38 

)  12  3252 

2.1 

.15 

+ 

.016 

25 

B.D.    |   Id   3374 

IS 

2  1 

Hi  38 

9.2 

+ 

.017 

+ 

.025 

.007 

11 

5 

10 

26 

B.D.    !  2(1   3876 

IS 

34 

+  20 

1-20  3876 

9 

- 

.001 

+ 

.042 

.007 

13 

5 

9.5 

27 

,i  Lyra 

is 

41 1 

+  33 

15 

|  :;:;  :;22:: 

3.4  to  4.1   B2p 

+  . 

no! 

- 

.011 

.010 

1(1 

4 

10.5 

28 

B.  G.  C.  9114    1 

19 

x 

+38 

37 

+38  3466 

8 

- 

.020 

+ 

.009 

.009 

14 

0 

10 

29 

B.  G.  C.  911  l  BC 

11) 

8 

38 

37 

9 

.(US 

+ 

.018 

.008 

14 

6 

10 

Mean 

.019 

1 

.013 

.006 
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30 

Star 

a 

900 

8 
1900 

B.  D.  No. 

Vlagi 

Sp  , 

i ' 

P.  e. 

Plat  ■ 

No.  oi  Moan  Mag 
i  <  !omp. 
Itai            Slurs 

<  'ygni  6  pr. 

h        mi 

1!)      '.1 

o           ,1 

1  l!'   t0    :  ,,  2959 

+  49  40            " 

K 

0.019   I  0.055 

« 
I.00S 

12 

6 

10.5 

31 

6  fol. 

19     9 

6.6 

- 

.022  4    .023 

.oo; 

12 

6 

10.5 

Mean 

|  .037 
+   .015 

00" 

32 

f  Sagittce 

L9    15 

|  18  53 

+  18    1254 

5.0 

A 

i 

.002 

.010 

1  1 

5 

10.5 

33 

a  Aquilce 

19    16 

+  s  36 

J    8    1236 

0.9 

A  5 

+ 

.034 

!     .184 

.010 

20 

1 

9 

:;i 

H.  G.  C.  10289 

20  27 

-10  1 2 

-  10  5423 

5.8 

G 

+ 

.019 

1   11 

.00! 

17 

7) 

10.5 

35 

1      ! 

20    12 

1  :;:;  36 

h33    1018 

2.6 

K 

+ 

.030 

+   .002 

.01  1 

13 

1 

10.7, 

30 

66  v  ( 'ygni 

21    11 

:;i  29 

I  :M    1371 

4.1 

BZp 

+ 

.001 

+  .013 

.003 

12 

4 

10.5 

::, 

i    pr. 

22      1 

f-64     8 

|  63   1802 

6.5 

+ 

.033 

+   .016 

.015 

11 

(i 

10.5 

38 

i  i  ej)hei  fol. 

22      1 

(-64     8 

1.7 

.is 

+ 

.030 

i     .017 

.009 

11 

0 

10.5 

Mean 

+  .039 
+   .014 

.008 

.007 

39 

Mun.  1  31343 

22  34 

+   20 

+    1    1637 

9.4 

_. 

.001 

14 

5 

10.5 

40 

8  Pegasi 

22  59    427  32 

+  27  4480 

2.2  to 

2.7   Mb 

+ 

.013 

+   .041 

.008 

15 

4 

10 

41 

B.  G.  C.  12608 

23  48  1+74  59 

+  74  1047 

6.6 

K 

1 

.074 

|     .062 

.DOS 

13 

! 

10 

No. 


1920 


The  obs]  i:\  vtions,  by  Mr.  E.  <  !.  Bo\^  i  r 

app.  I!    A. 


Jan.  28.592604  G. 

Feb.  13.621724 

Feb.  26.606064 
Mar.  8.598669 

Mar.  18.562385 


M.  T. 


Table  II.     The  Elements.     Referred  to  the  Mean 

EQl   [NOX    O]     1020.0 


ELEMENTS   (.)F   THE   ASTEROID   OF   COMAS   Sol. A. 

Bi  BANCROFT  WALKEB  SITTERLY, 
The  accompanying  elements  were  computed  from 
five  observations  of  Comas  Sola's  asteroid  made  by 
Mr.  E.  C.  Bower  with  the  Washington  twenty-six 
inch  telescope  during  the  first  (luce  months  of  1020. 
The  method  used  was  thai  of  the  variation  of  geo- 
centric distances,  using  as  the  firsl  approximation  th< 
orbil  of  M.  Blondel  of  Marseilles,  which  was  pub- 
lished in  Popular  Astronomy  for  April  1020.  The 
three  trial  orbits  used  in  this  method  were  computed 
in  satisfj  exactly  the  first  and  last  Washington  i 
vations,  the  geocentric  distances  for  the  firsl  orbil 
being  obtained  directly  from  the  Blondel  elements; 
the  firsl  of  these  distances  was  increased  in  computing 
the  second  orbit,  and  the  second  distance  diminished 
in  computing  the  third  orbit.  It  appeared,  however, 
thai  the  deviations  of  the  Washington  observations 
from  the  Blondel  elements  were  so  greal  thai  the 
second-order  terms  of  the  expressions  for  these  diff- 
erences, which  by  this  method  are  assumed  negligible, 
had  in  fact  a  considerable  effect,  and  none  of  the  three 
orbits  found  gave  small  enough  residuals  to  warranl 
the  least-square  solution  for  true  geocentric  distances; 
so  a  fourth  orbil  was  computed,  varying  both  dis- 
tances considerably.  This  orbil  came  close  enough  to 
the  observations  to  be  used,  with  the  lirst  and  third 
trial  orbits,  as  material  for  the  least-squares  corn  d  ion, 
and  final  value  for  the  geocentric  distances  were  there- 
by obtained,  with  which  the  fifth  and  last  orbil  was 
computed.  R.esiduals  from  this  orbil  give  =  l".ll 
as  probable  error  of  one  coordinate  of  an  observa 
so  the  lit    i-  consider!  d  -at  isfactory. 


,11,1 


led. 


7  is    7.63 

7  32  is. 45 
7  2  1  59.23 
7  2:5    0.71 

7  21    15.07 


20  51  20.5 
19  7  15.2 
17  14  57.2 
16  39  25. 3 
15  L3  15.:; 


indel's  elements 
first  approximal  ion 


Fina 


logo  0.431 

0.431286 

1     10'  20". (i 

1     12'  41  ".7 

e         0.07  1527 

0.0S2I  10 

i        21    23'  37".5 

21    6'33".5 

Q,       299°  41'  58 ".2 

299    13'  20". 2 

co         188    21'  51". 5 

198°  56'  52". s 

M         709". 952 

700". 976 

.1/      353"  37'  17".:; 

344     II'  in". 8 

E       1920  Jan.  30.5  1 

l.M.T. 

1020    Jan.    30.5   G.M.T 

It  will  be  noted  thai  though  the  first  and  last 
observations  were  to  be  exactly  fitted  in  computing  the 
orbits,  small  residuals  are  given  for  them  in  the  tables. 
This  is  because,  in  order  to  save  time,  only  six  place 
logarithm  tables  wen-  used  in  the  calculation,  instead 
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Table  III.     The  Resii 

0  —  c  0  —  C 

■  Orbit  Final  Orbil 


1 

-0.10 

+  12.4 

-0.07 

-0.2 

2 

-0.90 

+  3.8 

+  0.15 

-0.9 

3 

-1.13 

-18.3 

+  0.05 

-2.1 

4 

+  0.55 

-  38.7 

+0.06 

-0.3 

5 

+3.38 

-60.6 

-0.03 

+  0.1 

ii.  giving  results  good  individually  only  to  the 
near*  •  of  are*     Tin-  <v;      ■    :    idered,   however, 

to  be  within  the  limit  of  error  of  the  observations, 
and  hence  permissible. 

The    only    considerable    difference     between     M. 

Bloxdel's  elements  and  those  here  communicated  is 

in  the  longitude  of  perihelion,  which  is  altered  by  ten 

es.     The   eccentricity   is   increased   slightly,    and 

the    inclination    a    trifle    lessened.      The    other    differ- 

-  are  almost   inappreciable. 


T.\HLE    IV.       DlFFEKEM  1-    BETWEEN    Hit:    FlNAL 

Elements  and  those  of  M.  Blondel 
Final  — Blondel 


1 

-0.000009 
+0.007613 

i 

-  o  i7'  r 

.0 

SI 

+  o  r  31' 

.1) 

CO 

-in-  35'  1' 

.3 

M 

+  0"   D21 

.1/ 

-8=  52'  36' 

.0 

I  should  like  finally  to  express  my  appreciation 
to  Pkofessor  Russell,  the  director  of  the  Princeton 
observatory,  for  supervising  and  correcting  this  work, 
which  was  assigned  as  an  exercise  in  the  determination 
of  orbits. 


>;atory, 

.1  .  •  ■ 


POSITION   OF  NOVA   CYGNI,   NO.   3. 

[Communicated  by  Rear  Admiral  J.  A.  Hooc.Ewr.KiF,   U.  S.  Navy,  Superintendent.] 

Six  observations  on  the  9-inch   transil    circle   of  the    l".  S.  Naval    Observatory   give   the   following    position 
of  the  Nova;    (Epoch  1920.67); 


■     L920.0 
L9     56m  24\G5 


prec. 

+  1-.5005   -0 


S  (1920.0) 

+  53    24'  1".0 


prec. 
+9".749  +0".187 


SEARCH   EPHEMERIS  OF  ENCKE'S   COMET, 

By   F.  E.   SEAGRAVE. 


1920 
G.  Midnight  a 

Nov.  I  22  46  38 

5  22  44  32 

o  22  12  50 

L3  22  11  33 


-0  46  25 

-  1  2  41 
-1  16  4S 
-1  28  35 


Log      Lei;  A 

0,10250  0.38946 

0.48910  o 

0.48554  0.40071 

L90  0.40666 


1920 
I  ;.  Midnight 


Log 


Log  A 


The  ci  to  reach  perihelion  July  12,  1921. 


17  22  10  40 

21  22  10  10  -1  45  16 

25  22  40    4  - 1  50    5 

29  22  40  19  -  1  52  38 


0.47816  0.11270 

0.47434  0.41889 

o.  47HK)  0  12499 

0.46638  0.43107 


*  X  T  E  NTS. 

Observations  of  060547,    ?S  A  Comparison. Staj  II     i      \        .    wi>  s.    \.  Mitchell. 

i 

3lTl  ERLY. 
I  '  ISERVATOR'i  . 

Se  vrch  Ephe.mehis  oi    Exck 

IWN,     F.     R.     Mi  II 
Publishi  'kv.  Albany,  N.  v..   I  bch   all   Commi  ■  the 

,      ...  MASS.     Closed,  October  16,  1920. 
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COMPARISONS   OF    PHOTOGRAPHIC    STl'I.I.AK    PARALLAJ 

By  albert  s.  flint. 


Prefatory  Note 

This  article  was  completed  at  the  date  printed  at  its  close  hut  laid  aside  for  possible  inclusion  of  additional 
id  parallaxes  to  be  published  from  time  to  time,     it   is  now  offered  as  a  contribution  to  the  history  of 
parallax  investigation.     The  wording  of  the  text    has  been  amended  in  some  places,  but  1  he  numbers  and  the 
f   the  discussion  remain  the  same.] 


In  the  Astronomical  Journal,  No.  696,  the  present 
writer  incidentally  expressed  his  conviction  that  the 
list   of  twenty-nine  photographic  parallaxes  there  eon- 

This  rested   upon  four  partly   independent 

of    comparisons,    whose    results    were    presented 

in   Figs.  10  and  11.     The  number  of  paral- 

that  cla  i   and 

when 
be  Aery  small  probable  error-  computed 
■  rvation.     Since  the  former  publi- 
d     a    large    number    of    pi 
ivailable.     Among  tin  n 


mentioned    especially     two   series,   one   from    PROFESSOR 

S.  A.  Mitchell  at  the  Leander  McCormick  Observa- 
and  one  from    Professor  J.  A.   Millee  a1    the 
Sproul   Observatory,  each  of  whom  has  kindly  set 
manuscript    copy   of   his   results   in    ad  publi- 

cation.    These   additional   values   have   been   included 
with  those   previously  considered  and    a   revised   com- 
on   made.     The  authorities  and  the  extent  of  the 
ated  in   the  following  ti 
The  figures   in   the  Last    column  show    the  number  of 
independent  results  of  measures  made  bj  the  respei 
authorities,    thai    is,   exclusive   of   the   result    for    the 
of  a  pair  of  stars  or  arison 

star  on  the  same  plate  with  a  parallax  star. 


Autl 

lef>  i 

Yerke 

1911 

singer 

Aph.  J.  XXXIV.  p28 

L913,  Nov. 

iitii,  Mitchell 

A.  X.  470!) 

30 

Yerkes  (3) 

Kill 

Slocum 

A.  N.  4760 

15 

( Ireenwich 

June 

Davidson 

Mo.  Not.  LXXV,  p595 

40 

Mt.  Wilson 

L915,  Nov. 

Van  Maanen 

( 'out  ributions  Xo.  Ill 

21 

Yerke 

Oct. 

Lee,  Joy,  Van  Biesbroeck 

A.  .1.  No.  697 

36 

Sproul 

1916,  Nov. 

Miller 

In  manuscript 

60 

ler  McCormick 

1916,  Nov. 

■    Mitchell 

In  manuscript 

94 

Dearborn 

1916.    Dec. 

Fox 

In  manuscript 

4 

i    purpose  it   seems  proper  to  give 
the  r<  ol  comparisons,  the  first  near- 


Total       325 

ly  independent    of  the  other  two.   and   l  lie  second  and 
third  largely  independent   of  each  other. 

(95) 
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First.  A  scries  of  differences  between  the  results 
for  the  components  of  successive  pairs  of  stars  whose 
members  arc  close  together,  especially  in  righl  ascen- 
sion. 

Second.  A  series  of  group  means  of  all  the 
.  d  photographic  parallax  results  at  hand  taken 
by  themselves  and  adjusted  for  a  difference  of  par- 
allax with  resped  to  proper  motion  and  spectrum; 
these  to  be  compared  between  themselves,  and  also 
with  similar  results  obtained  by  other  methods  and 
corresponding  to  the  photographic  results  as  near 
as  may  be,  in  distribution,  especially  in  right  ascen- 
sion or  season  of  observation. 

Third.  A  series  of  differences  on  individual  stars 
betw?en  the  mean  of  the  photographic  results  and  the 
mean  of  those  from  all  of  the  selected  authorities, 
including  the  photographic  authorities  themselves, 
which  occur  on  the  same  individual  stars. 

First.     In    a    number    of    cases    the    difference    of 
magnitude  between  the  members  of  a  pair  is  consider- 
able and  it  seemed  worth  while  to  compare  the  differ- 
of  parallax  with  the  corresponding  differences  of 

magnitude  for  the  successive  pairs.      For  this  purpose. 


of  course,  only  pairs  that  are  physically  connected 
should  be  select  <1,  such  as  well-determined  binaries, 
or  those  whose  members  have  a  common  motion  in 
space.  These  restrictions  have  been  observed  except 
that  the  conventional  "proper-motion",  thwartwise  in 
the  sky,  was  the  only  proper-motion  regarded.  The 
spectra  of  tli"  components,  when  given,  were  also  very 
marly  the  same.  'Idle  magnitudes  were  taken  from 
any  authority  available,  mostly  from  Burnham's  (ie>i- 
eral  Catalogue  of  Double  Stars.  These  are  uncertain 
and  also  not  photographic;  but  it  was  thought  the 
differences  tor  the  individual  pairs  would  be  near  the 
truth.  The  data  of  this  comparison  are  presented  in 
the  following  table.  The  differences  for  each  author- 
ity are  grouped  in  order  of  difference  of  stellar  magni- 
tude numbers  and  the  latter  are  taken  in  the  sense 
Fainter  minus  Brighter.  The  groups  are  arranged 
across  the  page  in  the  order  of  their  mean  difference 
of  stellar  magnitude.  The  lowest  and  the  highest 
values  of  the  mean  difference  of  parallax  happen  to 
fall  on  the  fourth  and  sixth  groups  respectively,  with  a 
difference  of  0".0274.  The  results  of  pairs  of  stars 
from  the  four  Yerkes  series  were  taken  together  as  one 
series,  divided  into  three  parts,  and  disposed  in  the 
table  according  to  their  mean  differences  of  stellar 
magnit  ude. 


Yerkes 

Yerkf.s 

MCCORMICK 

Sprottl 

Yerkes 

McCoRMICK 

Diff. 
Mag. 

Diff. 
Par. 

Diff. 
Mag. 

Diff. 
Par. 

Diff.             Diff. 
Mag.             Par. 

Diff. 
Mag. 

Diff. 
Par. 

Diff. 
Mag. 

Diff. 
Par. 

Diff. 
Mag. 

Diff. 

Par. 

+  0.1 

-0.015 

+  0.6 

-0.026 

+  0.2      -0.015 

+  0.2 

+  0.005 

+  1.2 

-0.017 

+  2.2 

+  0.032 

+  0.1 

-     005 

+  0.7 

-     008 

+  1.0      -     008 

+  1.3 

-    002 

+  1.2 

+     020 

+  2.2 

+    006 

+  0.3 

+    002 

+  0.7 

+    010 

+  1.5     +    034 

+  1.5 

-     010 

+  1.5 

-     002 

+  3.0 

-    o:;i 

+  0.4 

-     036 

+  0.8 

-     014 

+  2.1      -     041 

+  2.7 

-     024 

+  1.7 

-     010 

+  3.1 

+    037 

+0.5 

+    013 

+  1.0 
+  1.1 

+    008 
-     012 

+  2. 
+  2.5 

+    013 
-     009 

+  4.4 

+    020 

+0.28 

-0.0082 

+  0.82 

-0.0070 

+  1.20    -0.0075 

+  1.42 

-0.0152 

+  1.68 

-0.0008 

+  2.98 

+  0.0122 

n 

=  5 

n 

-  11 

n  =  4 

n 

=  4 

n 

=  6 

D 

=  5 

These  differences  of  parallax  are  small;  but  the 
process  by  which  the  observed  quantities  were  derived 
is  very  closely  if  not  entirely  differential,  and  the 
resubs  from  each  plate  are  based  upon  identically  the 
same  data,  presumably,  a-  regards  the  comparison 
stars.  Of  1h«'  intal  of  thirty  differences  eleven  are 
equal  to.  or  greater  than,  0".020  and  twenty-one  are 
equa)  to.  or  greater  than,  o".O10.  These  proportions 
in  frequency  seem  Luge  w  lien  the  smallness  of  t he  prob- 
able errors  computed  lor  these  parallaxes  in  general 
is  considered.  The  discordances  occuring  in  the  lisl 
of  differences,  however,  are  such  that  it  does  not  seem 
probable  thai  then'  is  here  any  general  systematic 
error  due  to  difference  of  magnitude. 


Second.  In  the  present  list  of  325  photographic 
parallax  results  there  are  275  separate  stars  entered. 
The  components  of  each  pair  of  stars,  such  as  the  mem- 
bers of  a  binary  system  and  others  so  cdose  together  as 
to  fall  upon  the  same  plate,  were  counted  here  as  one 
star  and  represented  by  the  parallax  result  for  the 
brighter  or  principal  star. 

The  observed  parallaxes  all  received  a  slight  re-' 
duction  to  absolute  parallax.  The  275  value.-  of 
parallax  were  arranged  in  order  of  proper  motion  and 
divided  into  'J  I  groups  with  12  to  14  parallaxes  in  each 
group.  The  mean  values  of  these  groups  were  then 
computed.  The  extreme  point,  tt  =  +0".191  for 
li   =   2". Sit,  fell  decidedly  below  a  straight   line  which 
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was  first  drawn  id  represenl  the  entire  series  of  points. 
A   straight   line   was   then   drawn    through    the   points 
ponding   to   the   lowest    twelve   group   means  of 
proper  mo!  ion  and  i  he  m<  an  of  i  he  points  co  res  pond 
ing  in  the  highesl  four  group  means. 

The    resulting    equations    for    the    photographic 
parallaxes  and  those  from  the  other  authorities  selected 
i  re  as  follows,  resp<  d  ively: 

+0".0400    |    0".O695     {»  -   0' 
it  (Obsd.)  --  +0  .0400    r-  0  .0978     \v  -0 

These  equations  were  adopted  in  the  adjustmenl  of  the 
parallax  values  on  accounl   of  proper  motion. 

The  list  oi  27.">  parallaxes  were  next  divided  into 
25  groups  of  1 1  stars  in  each,  in  order  of  right  ascension. 
The  mean  values  for  these  groups  wen'  computed  and 


the  residuals,  in  the  sense  Mean  minus  Individual 
Parallax,  were  written  out.  The  eighl  largesl  negative 
and  the  tour  largesl  positive  residuals  seemed  unduly 
large  and  were  excluded.     Among  the  latter  wen 

mal  cases  of  n  Cassiopios,  th  2m,  mag.  5.3, 
fi  =  Z".75,  tt  =+0".110,  and  Ace  l  1318-20,  L5h5m,  mags. 
9.6  and  9.2,  (i  ■-  3".68,  a  I  0".047.  The  remaining 
ided  into  thirl  een  groups 
in  order  of  righl  ascension  with  20  to  21  stars  in  each 
group,  and  the  group  means  computed.     These   were 

<  ml  I  I,.  II,  u  Inch  were 
adjusted  in  the  same  manner,  except  that  Fl.  II 
Isoa  slighl  correction  for  magnitude  equation 
'I  In  se  data  are  given  in  the  lirsi  three  divisions  of  the 
table  below.  The  numbers  for  Yale  are  the  means, 
by  successive  pairs,  of  the  eighteen  numbers  that  enter 
into  the  plot  of  Fig.  1,  A.  J.  696. 


Yale 

Fl. 

II 

Phot. 

Phot        Mean 

No. 

It,  A.       Par.           of 

Stars 

Residual 

R.  A.          Par. 

No. 
of       Residual 

stars 

R.  A.        Par. 

No 
of      Residua] 

Stars 

No. 
Ii.  A.        Diff.      of      Residual 

Stars 

h                n 

„ 

h                n 

„ 

ii            ii 

„ 

h              n                                    ii 

1.1+0.0516    24 

-0.0187 

0.9  +0.0377 

10  -0.0010 

1.0+0.0380 

20  -0.0034 

0.8-0.0066     7  +0.0014 

3.4           353    24 

24 

3.2           460 

10  -         93 

3.0          439 

21  -        93 

2.6-       130    7  +        78 

504 

10  -       L38 

4.8           437 

20  -         90 

4.4-       188    8  +      136 

6.5          41!)    23 

90 

6.3           268 

20  +         7S 

6.8-       130    7  +        79 

7.6           223 

10  +      144 

8.0           252 

20  +         95 

7.8-       009     7   -         43 

9.5           116    24 

+      213 

9.8           243 

10  +      124 

10.3           440 

20  -         94 

10.4+       110    8  -       102 

11.8           292    2.3 

+         37 

11.7           593 

10  -      227 

12.5           200 

21   +       147 

13.9-       004     7  +         12 

14.5           286     23 

+         43 

13.9           312 

10  +      055 

15.2           312 

20  +        34 

16.1-       134    7  +         83 

16.0           594 

Id   -       227 

16.8           424 

20  -        78 

18.0-       005    8  -         47 

17.2           517     24 

-       188 

17.4           535 

10  -       L69 

18.5           481 

21   -       134 

19.9           342     23 

13 

19.4           424 

10  -      057 

19.7           320 

20  +         26 

19.5+       153     7   -       205 

21.0            112 

10  +      255 

21.0           288 

20  +        59 

21.1-       163    7  +      111 

22.5  4-0.0120    24 

+0.0209 

22.8  +00.022 

9  +0.0344 

23.0  +0.0262 

20  +0.0084 

23.0+0.0006    8  -0.0057 

Mn.  +0.0329  212 

+  0.0502 

+  0.0367  119  +0.0922 

+  0.0346  263  +0.0523 

-0.0052  88  +0.0513 

-0.0502 

0.(1921 

-0.0523 

-0.0514 

The  probable  error  of  a  single  group  mean  in  par- 
allax, computed  from    an    average    observed    probable 
of  the  parallax  resull  of  a  single  star,  is  as  follows 
to  a  close  degree  of  appri iximai  i< m :  for  Yalk,  ±0".0109, 
i  stars;  lor  Fl.  II,   ±0".02O2,  10  stars;   and  for 
the  photographic,  ±0".0044,  20  to  21  stars. 

With  these  figures  iii  mind  an  inspection  of  the 
series  of  plotted  points  gives  the  impression  that  the 
differences  in  the  ordinates  are  due  to  some  other 
cause  than  accidental  error  of  observation.  A  curve 
:  Jy  connecting  the  points  for  the  photo- 
ihic  values.  Curves  were  drawn  also  for  Yale 
and  I  i..  11  hut  adjusted  somewhat  to  avoid  what 
-'lined  to  be  too  abrupt  changes  in  the  ordinates. 
Thus  drawn  the  approximate  coincidence  of  all  three 
authorities    in    two    regions    of   right    ascension    as    to 


higher  parallax  and  in  two  other  regions  as  to  lower 
parallax,  seems  apparent.     The  numbers  involved  may 

might  together,  as  in  the  following  table  where 
the  parallax  means  are  taken  to  three  decimal  places 
only. 

The  photographic  series  include  a  singular,  high 
point  at  I0h.3  and  Fl.  II  likewise  a1  Llh.7,  bu1  no  stars 
are  common  to  the  two  authorities  in  those  groups. 
Each  of  these  points  is  due  to  several  high  individual 
values  under  their  respective  authorities.  The  depres- 
sion at  20h  to  2  I1,  is  perhaps  the  mosl  marked  coinci- 
dence of  the  three  plots.  Here  Yale  has  twenty-four 
stars  of  which  only  five  are  in  the  IT.  II  list;  Fl.  II 
has  nineteen  stars  of  which  only  three  are  in  the  photo- 
graphic list  ;  and  the  last  named  has  forty  stars  of 
which  onlv  five  are  in  the  Yale  List. 
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Yale 


No.  of 

R.  A. 

Par. 

Stars 

Group  4 

9.5 

+  0.012 

24 

Group  9 

22.5 

+  0.012 

24 

Lowest  Mean  Values  of  Parallax 


Mean  of  Groups    4  and    5 
Mean  of  Groups  11  and  12 


Fl.  II 


No.  of 

R.  A. 

Par. 

Stars 

S.7 

+  0.023 

20 

21.9 

+  0.007 

19 

Yale 


No.  of 

R.  A. 

Par 

Stars 

Group  3 

G.5 

+  0.042 

23 

Group  7 

17.2 

+  0.052 

24 

Highest  Mean  Yalltes  of  Parallax 


Mean  of  Groups    2  and    3 
-Mean  of  Groups    S  and    9 


Fl.  II 


Xo.  of 

.  A. 

Par. 

Stars 

4.4 

+  0.048 

20 

6.7 

+  0.056 

20 

Photographic 


Lowest   Mean  Values  of  Parallax 

R.  A.  Par. 

h  It 

Mean  of  Groups    5  and    7     10.2     +0.022 
Mean  of  Groups  12  and  13     22.0     +0.028 


Not  only  the  sequence  of  the  ordinates  hut  the 
magnitudes  of  the  differences  from  their  respective 
general  mean  values  attract  attention  as  shown  in  the 
following  table. 


Highest   Mean  Value  of 

Parallax 

Nil  (if  Stars 

R.  A. 

Par.       Xo.  of  Stars 

41 

Mean  of  Groups    2    and  3     3.9 

+  0.044         41 

40 

Group  10                                  18.5 

+   .048         21 

Prob.  Kr.  or 

of  a 
Single  ( '.roiip  Mean 

Xo.  of 
<  rroup 
Means 

No.  of  Res. 
>  2rc  for 

( Iroup  Mian- 

No.    Of    lies 

>''„  f'»r 
Gr.  Means 

Yale 

±  0.0054 

9 

4 

5 

Fl.  II 

0.0101 

12 

4 

8 

Phot . 

0.0044 

13 

6 

10 

It  is  possible  thai  these  residuals  in  their  frequen- 
cies are  within  the  range  of  probabilities,  but  not 
likely.  They  seem  to  indicate  thai  for  each  of  the 
authorities  the  parallaxes  are  not  distributed  at  random 
throughout  the  hours  of  right  ascension;  and  also,  with 
reference  to  the  other  1al>le>  preceding,  that  there  is 
some  cause  of  systematic  variation  and  this  in  com- 
mon, in  some  degree,  to  t  lie  three  different  s.  i 
determinal  ii 

Third.     In    the    fourth    di\ 
table  □   the  group-mean   val 

differ* 

photogra]  hie  atil  liorit .-  n  star 

ami  1 1      i  he  selected  occur 


on  that  star,  including  the  photographic  authorities 
themselves.  The  authorities  not  photographic  are 
the  same  as  adopted  for  the  later  discussion  in  .1.  J. 
696,  namely  Yale,  Flint  II,  Abetti,  Peter,  Jost  and 
Miscellaneous.  All  of  the  observed  parallaxes  received 
a  -light  reduction  to  absolute  parallax.  Yale  was 
corrected  in  addition  for  the  supposed  small  system- 
atic error  adopted  in  .1.  ./.  696*;  and  Fl.  II  for  the 
small  magnitude  equation.  Tin1  differences,  in  the 
sense  Photographic  minus  Mean  of  all.  were  plotted. 
A  positive  ordinate,  therefore,  corresponds  to  a  higher 
parallax  tor  the  photographic  authority.  A  curve 
was  drawn  directly  from  point  to  point,  except  at 
L9h.5  and  21h.l  n  here  i  he  mean  position  of  the  two  points 
was  adopted.  With  the  large  increase  of  data  the 
points  naturally  run  in  a  smoother  series  here  than 
in  Fig.  10  (.1.  ./.  696).  The  discordant  point  at  21h.l 
includes  the  largest  individual  difference  in  the  entire 
list.  This  is  -0".076  on  :i  v  Cephei,  '-Mi1'  43.3m, 
+61c  27'.  There  are  three  authorities  here:  Yale, 
+  0".11.V.A  '.252;  and  Phot., +0".O70.     Ifthe 

I  the  difference  of  Phot,  from  Mean 

mbers   in   the  fourth 

in    the 
: 
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becomes  —  0".023,  and  the  group  mean,  the  ordinate 
of  the  plot,  becomes  —  0".0087.  The  probable  errors 
cannot  be  so  definitely  estimated  as  for  the  group 
means  of  individual  authorities;  bul  again  the  reality 
of  the  wave-like  series  seems  within  the  range  of  prob- 
ability or  at  least  on  the  border. 

The  curve  for  the  numbers  in  the  second  column 
of  the  fourth  division  of  the  table  would  not  necessarily 
be  expected  to  rise  and  fall  with  the  curve  for  the 
numbers  in  the  second  column  of  the  third  division. 
This  seems  evident  from  the  following  considerations. 

If  a  high  or  low  point  for  the  third  division  is  due 
to  accidental  errors  on  individual  stars  the  expectation 
would  be  for  some  corresponding  excess,  but  not  very 
marked,  in  the  fourth  division;  for  the  stars  showing 
excessive  values  in  the  groups  of  the  third  division 
mighf  not  occur  at  all  in  the  fourth  division;  or,  if 
they  do  occur,  they  should  not  effect  the  mean  of  any 
group  materially. 

If  a  high  or  low  point  in  the  third  division  is  due 
to  systematic  error  peculiar  to  the  photographic 
results,  the  expectation  would  lie  for  a  corresponding 
excess  in  the  fourth  division;    hut  if  a  high  or  low  poinf 


in  the  former  is  due  io  a  systematic  error  common  to 
the  several  authorities,  or  if  it  is  due  to  the  actual 
distribution  of  the  stars  in  space,  there  would  lie  no 
expectation  of  a  corresponding  excess  in  the  fourth 
division. 

This  last  curve  has  the  aspect,  to  some  degree,  of 
a  reversal  of  the  curves  drawn  for  the  three  individual 
authorities.      It   is  smoother  in  its  undulations,  although 

derived  from  the  dati a  far  less  number  of  stars. 

An  inspection  of  the  curve  drawn  appears  to  justify 

the  impression  of  small  vet  sensible  systematic  differ- 
ences between  the  results  of  the  photographic  method 
and   t  he   mean   of  t  he  older  met  hods. 

There  can   lie  no  question   that    the  present    pho 
graphic     methods    are     far     superior     in     accuracy     a 

economy    lor   the   determination   of   individual    par; 
laxes,   bul    i1    seems  possible  thai    when   general  mean 
values    come    into    consideration,    there    will    remain 
some  systematic  error,  although  small,   which   must    he 
taken  inl  o  account . 


Washburn  Observatory,    Madv 
1918,  February. 
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OBSERVATIONS   OF    ( 'OMITS, 

made  with  Tin:  40-inch  and   12-inch  refj  oj    the   sterkes  observatory, 

By  GEORGE  VAN   BIESBROECK. 


Date 


G.  M.T. 


<  !omp. 


App.  ■< 


App.  8 


log  i'S 


~jf         lust!' 


1919 

Aug.  25 
27 

Sept.  I  1 
l'_> 
20 
22 
25 
6 


(  >c1 


X  ov 


I  1 

1 
11 

i.; 

1^ 

22 


1  I  58 

.-)2 

13  53 

25 

13  43 

9 

13   17 

31 

115  20 

52 

L3  51 

21 

54 

L3  21 

12 

L3  28 

37 

12  55 

56 

11   57 

53 

1  1   50 

hi 

1  1   53 

11    11 

114-1 

1  1    16 

1 

<  'one  '      Ml    I  <    \l.i      BOKRELLI      1919    C 


+  0  35.05 

-0 

6.42 

-1 

0.45 

-0 

14.18 

+  0 

17.34 

■  ■  0 

L9.03 

+  1 

18.39 

+  0 

28:23 

+  1 

46.11 

-1 

44.82 

-0 

1.21 

+  0 

1.1  IS 

8.36 

-II 

13.04 

-0 

1  L.54 

+  0 

28.20 

h-8  'i  i 

!  2  26.2 

-  1  25.2 

-  1  44.3 
1  52.7 


-3 

:  i) 
-4 
-3 
-5 


11.4 
13.2 
33.4 
12.5 
22.6 


I  5  31.1 

•  I    I  1.8 
-4  20.ti 

ii    13.6 

•  2  21.6 


6 

li 

Ii 

10 

1 

8 

8 

6 

6 

6 

6 

5 

6 

6 

3 

25 

5 

6 

6 

2.-, 

5 

0 

6 

ii 

1  1      7 

10 

37 

39 

5  1 

1  I   59 

1 5      5 

30 

33 

15  43 

10    11 


52.35 

57.511 

7.02 

4.19 

57.71 

12.09 

39.50 

55.58 

21.56 

Hi. 10 

19.24 

51.75 

38.28 

2.07 

2.00 

32..  . 


+  25 
25 

is 

IS 

14 

K5 

12 

0 

0 

+    4 

7 

-12 

I  1 
16 
18 


5!)  25.6 

12  8.9 

hi  9.6 

22  5  1.S 

I  I  28.2 

hi  52.1 

17  5.(1 

17  14.7 

hi  6.3 

1  1  30.1 

lit  11.5 

39  s.ii 

hi  57.5 

15  52.5 

22  52.1 
20.0    .  . 


9.672 

'.1.027 
'.1.027 
9.605 
!i. (ill 
9.634 
9.633 
'.1.021 
9.623 
9.608 
9.580 
9.588 
'.1.  .V.ll 
9.585 
'.1.5'.  12 
9.600 


0.07:; 
0.610 

0.075 
(I. (ills 
I). 700 
0.72'.) 
0.737 
0.755 
0.757 
11.750 
0.707 
O.SI  1 

0.812 
0.816 
0.819 
0.821 


12 
12 


7 

12 

S 

12 

0 

12 

10 

12 

1 1 

12 

12 

12 

13 

12 

l  1 

12 

15 

12 

Hi 

12 
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I): 

te 

G.  M.T. 

Aa 

A<5 

App.  a 

App.  d 

log  /.A 

* 

Instr. 

Cornel    Brorsen-Metcalf  1919  6 

Aug. 

25 

h        in 

15  51 

53 

-0     5.53 

1                                         h         in       s 

+  2  44.3        6,61  22  37  21.12 

4-35  51    L3.3 

0.242 

17 

12 

Sept 

7 

13  54 

14 

-1   24.7  1 

-0  41.8        4.4 

16   19   10.36 

76  20  30.6 

0.083     0.524/1 

is 

40 

10 

15    17 

12 

-0  20.7D 

-2   L6.7        6  .  6 

13  411     9.99 

68     3  45.2 

0.049     0.574 

19 

40 

11 

14   31 

27 

+  0     3.73 

-5  50.6       6  .  6 

13   17     2.09 

04  47      2.3 

0.000     0.551 

20 

12 

19 

14  37 

26 

+  2  45.60 

+  1  45.6 

20  .  1 

12     7  58.86 

42  57   31.0 

9.676     0.844 

21 

12 

20 

13     3 

19 

+  0   16.20 

+  0  36.7 

s  .  6 

12     4  48.74 

41     6    L3.6 

9.744     0.745 

22 

12 

21 

22  37 

L2 

+  0  52.14 

+  4  54.4 

111  .  2 

12     n  51.06 

38  31   49.2 

9.718«  0.776 

23 

12 

22 

13  33 

3 

-0  46.67 

-6  36.2 

11   59    14.4li 

37  27      1.0 

9.691     0.807 

24 

12 

25 

2  5 

13     4 

14 

+  0  38.1  1 

6  . 

11  53  15.87 

9.676 

25 

12 

1 3     4 

14 

+  1   37.7 

. .  ,  6 

32  48   19.6 

....      0.803 

26 

12 

(  >d  . 

5 

22  11 

10 

+  0  24.29 

+  4     0.5 

s  .  s 

11  45   16.22 

20  25   14.0 

9.662m  0.762 

27 

12 

6 

22  43 

21 

-0     8.36 

-0  48.6 

6  .  6 

11  45  21.58 

19  22   11.6 

9.661m  0.744 

28 

12 

22 

23  24 

23 

-1  46.04 

-0   15.8 

25  ,  5 

12     6  38.06 

+   3  50   13.4 

9.005/;  0.760 

29 

12 

Nov. 

12 

23  33 

5 

-0     8.87 

-:;     2.4 

4  ,  6 

13     0     4.56 

-11  33  32.1 

9.567«  0.811 

30 

12 

1  I 

23   19 

58 

+  1     4.14 

+  0  33.2 

30  .  6 

13     4  56.84 

-12  40  47.2 

9.590m  0.810 

31 

12 

17 

2:)  30 

40 

+  0  10.94 

-1  21.9 

6  ,  6 

13  12     8.75 

-11   17     3.6 

9.5767!  0.820 

32 

12 

( !omet    Kopff  1919  a 

Sep< 

12 

L3  39 

7 

+  0  23.53 

-2  54.8 

6,  6 

L9    15  27.73 

-SO  39.3 

8.8417!  0.S30 

33 

12 

15 

13  49 

8 

+  0   11.00 

-5  24.5 

8,8 

is  38.42 

-   7  59  23.1 

8.5327!  0.830 

34 

12 

19 

15     8 

16 

+  0     9.54 

+  4  44.9 

s  .  8 

53     9.93 

57  24.6 

9.135     0.827 

35 

12 

20 

13  42 

28 

-0  33.70 

-1   22.1 

6  .  6 

54    19.00 

56  50.8 

8.302     0.830 

36 

12 

22 

15  21 

7 

-1   56.14 

-0  22.8 

L2  .  6 

56   49.64 

55  21.9 

9.240     0.825 

37 

12 

23 

13   17 

52 

-0  48.05 

+  0   14.0 

8  .  s 

57  57.71 

54   45.2 

8.7117!  0.829 

38 

12 

24 

13  55 

16 

+  0  28.18 

+  1     2.3 

in  .  1 

19  59   13.93 

-   7  53  56.9 

8.400     0.830 

39 

10 

Comet    Fin  lay-Sasaki    191 

i  ,/ 

Nov 

13 

13     5 

0 

-2     2.65 

+  3  22.3  |  30  ,  6 

23     4   12.63 

-  8  11     3.7 

8.679?!  0.831 

10 

12 

14 

13  45 

2 

-3  36.14 

-1  38.7 

30,6 

12  54.92 

-    6  54  54.0 

8.992     0.824 

41 

12 

16 

16  41 

30 

-0  45.65 

-1   48.0 

12  ,  1 

30  22.77 

-   4   19  30.9 

9.482     0.796 

42 

40 

17 

13  33 

49 

+  0   11.70 

+  0  49.8 

6  .  6 

37    19.90 

-   3   17   12.0 

8.  1:087!  0.798 

43 

12 

L8 

12     7 

11 

-0   10.70 

+  4     7.6 

6  .  6 

44  44.99 

-    2    10   55.5 

9.2787!  0.788 

44 

12 

1!) 

14     4 

2 

+  0    11.95 

+  0  43.4 

6  ,  6 

23  52  56.74 

0  56  30.9 

8.231     0.780 

45 

40 

22 

12  29 

9 

+  2  29.26 

- 1     9.6 

25  ,  5 

0  14  15.97 

+   2   14   27.0 

9.2447!  0.756 

46 

12 

23 

16  39 

32 

+  0     6.29 

+2  45.1 

6  .  6 

0  22  17.26 

+    3  25  50.1 

9.422     0.749 

47 

40 

Dec 

14 

12  47 

0 

+  1  29.34 

+  0  39.3 

25  .  5 

2     6  30.13 

+  16  51   44.1 

9.294/!  0.599 

48 

40 

19 

L2   IS 

39 

+  1  45.06 

-0  15.5 

25,5 

2  23  33.05 

+  is  :;l>  36.4 

9.3867!  0.588 

49 

12 

26 

13  51 

9 

+  0   13.12 

-0  49.9 

(i  .  6 

2  44  43.83 

+  20  22  29.9 

8.77771  0.520 

50 

12 

28 

11  30 

17 

-0     8.26 

+  2  29.5 

8,8 

2  do  43.95 

+  20  48  25.7 

S.140     0.509 

51 

40 

( lomel  Schaumasse  1919 

e 

Nov 

17 

23   i  1 

•_> 

-  0 

+  2   Hi.'.) 

8  .  s 

13   12  48.03 

+  2  38  53.1 

9  5847!  0.762 

52 

12 

183) 

is 

22  .v_> 

34 

-1  27.43 

-8  23.8 

30  .  5 

L3  ir.    9. 16 

+   2  22     5.7 

9.6017!  0.764 

53 

12 

Jan. 

1 

23  39 

.">.") 

-0     2.48 

+  4     0.3 

8,8 

L5  24  52.03 

-    7  24     4.5 

9.4817!  0.811 

54 

40 
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Comparison  Sims 
Mean  Coordinates  fob  Beginning  ok  Yeab    \\i>   Redui  hons  to  A.ppareni    Places 


No. 

u 

8 

Red  - 

Authoritj 

1 

h         III          s 

14     7    1  t.85 

51    lo.s 

+  1.85 

-   0.3 

Oxf.  ph.  25    120  1  1  -  20   34888. 

2 

11     2.16 

25      0    12.0 

I.S5 

0.2 

.1.  <;.  Camb.  6761. 

3 

38     6.18 

IS   5ll  35.1 

1.S0 

-   0.3 

.1.  G.  Berl.  A.  5002. 

•1 

39   16.48 

IS   2  1    30.5 

l.so 

-    0,1 

.1.  <;.  Berl.  .1.  5310. 

5 

54  38. 1  1 

1  1   43  21.2 

1.93 

-    0.3 

Bord.  ph.  ll.ll"  or,'-  No.  13;   15  .  L4l  52- 

No.  112. 

6 

58  ."»1.12 

L3    17     4.1 

1.04 

-   0.3 

.1.  G.  /./-:.  /.  5277. 

7 

1.')     3    19.15 

12    10   52,1 

1.00 

-   0.4 

.1.'/.  /./c.  /.  5000.     Mean  of  two  com  pone 

its. 

8 

30  25.30 

0   51     17.0 

2.05 

+  0.2 

Ton.  ph.  7  .  I.V'  32-  No.  LOO. 

9 

31  33.39 

6   10    IS. 7 

2.IM'. 

+  0.1 

Tou.  2401. 

111 

41  29.17 

+   4    10  52.3 

2.11 

+  0.4 

.1.  G.  Alb.  5277. 

11 

16  41    is. 01 

-    7     7   50.0 

2,1  1 

+    2.0 

Anon,  referred  In  .1.  G.  oil.  5700. 

12 

17  13  48.06 

-12  44    13.0 

2.50 

+     1.2 

Anon,  referred  to  v  Serpentis  (Boss  P.  G.  C 

4395). 

L3 

21    11.1)2 

-13  48     7.0 

2.62 

+   4.4 

.1.  <;.  Harv.  5o:,o. 

14 

24    12.17 

-14   11   36.2 

2.0  1 

+  4.6 

>■_,  .1.  G.  ill  an:  5007  +  Wash.  0200,  0 

15 

38   10.83 

-10  22    13.7 

2.71 

+   5.2 

Anon,  referred  to  .1.  G.  Wash.  636  I. 

16 

17  52     1..  . 

-18  20.1 

2.70 

4    5.0 

B.  I).  -18°  4703  (9M.0). 

17 

22  37   22.20 

+  35    IS      5.1 

+4.39 

!  23.6 

,1.  G.  Lu.  10S20. 

is 

10  21)  38.22 

70  20  56.8 

-3.12 

+  15.0 

Grw.  ph.  76°  5565. 

I'.i 

13  40  32.30 

OS     0      1.1 

-1.61 

-   2.2 

Grw.  ph.  os    IS02. 

•20 

L3   10  59.32 

0  1   52  57.9 

-0.90 

-    5.0 

Y2  A.  G.  (Chr.  1997  +  Hels.  7532). 

21 

12     5    12.15 

4  2  :>:>  5S.3 

+  1.11 

-12.9 

.1.  <;.  Bo.  8367. 

22 

12     4  31.36 

41     5  50.0 

LIS 

-13.1 

Kit.  5300. 

23 

1  1   50  57.63 

38  27     8.3 

1.20 

-13.5 

.1.  G.  Lu.  50,0,7. 

24 

1  1    50   50. si 

37  33  50.9 

1.32 

-13.7 

.1.  G.  Lu.  5338. 

25 

11  52  36.23 

32  30    1  1.3 

1.50 

1  1.1 

.1.  G.  Lei.  15  is. 

26 

11  54     0.34 

32  40,  56.2 

1.49 

-14.3 

A.G.  Lei.  1551, 

27 

11  44  50.10 

20  21  28.9 

L.83 

15,1 

Par.  ph.  +21°,  llh  40'"  No.  02;    II1'  4S-  X, 

.  82. 

28 

11    15  28.09 

19  23  15.7 

1.85 

15.5 

.1.  <;.  Berl.  A.  4502. 

29 

12     8  21.00 

+  3  51   13.9 

2.14 

-14.7 

.1.  G.  Alb.  4447. 

30 

13     0    10.01 

-11  30  16.9 

2.52 

-   I2.S 

.1.  C.  Harv.  40S7. 

31 

13     3  50.13 

-12  41     7.8 

2.57 

-12.0 

A.  (!.  Harv.  4700. 

32 

13  11   55.  is 

-14   15  29.4 

2.63 

-12.3 

B.  I>.  -13   3680  (9M.5)  referred  lo  .1.  G.  II 

r/r/'.  4756. 

33 

10  45     0.20 

-    7  58     3.1 

4.00 

+  18. 6 

A.  G.  OH.  0035. 

34 

19  48  23.45 

—    7  54   17.4 

3.07 

1S.S 

.1.  O.  Oil.  0055. 

35 

19   52  56.45 

-   8     2  28.7 

3.01 

19.2 

/;.  1).  -s  5174  referred  to  .1.  G.  on.  0977. 

36 

I1'  54    IS. 77 

-   7  55    is.l 

3.03 

10.4 

A.  G.  Oil.  7012. 

37 

19  58    U.86 

-   7  55   ls.o 

3.02 

19.7 

A.G.  oil.  70  11. 

38 

lo  58  41.86 

-   7  -^   ls.o 

3.00 

10.7 

.1.  G.  on.  TON. 

39 

10  58  41.86 

-    7  55    ls.o 

3, SO 

19.7 

.1.  O.  Oil.  7044. 

10 

20     0   11.29 

-    8   14   51.0 

0.00 

25.0 

.1.  G.  oil.  8232. 

41 

10  27.04 

-   o  50,  41.4 

4.02 

20.  1 

.1.  G.  on.  8287. 

12 

31      1.35 

-    1    18     9.6 

4.07 

20.7 

.1.  G.  Strb.  sooo. 

43 

37     4.11 

-   3    IS  28.7 

1.D0 

20.9 

.1.  G.  Strb.  si  17. 

1  1 

44  51.57 

-    2   15  30.1 

4.12 

27.0 

Alu.  ph.  -2°,  23''  44'"  No.  72. 

45 

23  52  40.64 

-    o  57  41.5 

4.15 

27.2 

A.G.  Nic.  5922. 

46  1 

0  11  42.47 

+   2  15     9.1 

4.24 

27.5 

A.  G.  Alb.  35. 
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No. 

u 

8 

Red.  u 

Red.  8 

Authority 

47 

ll          111            s 

0  22     6.67 

o            ,            . 

3  22  37.6 

4.30 

27.4 

A.  G.  Alb.  70. 

48 

2     4   55. 7!  1 

16  50  41.3 

5.00 

23.5 

.1.  G.  Berl.  A.  006  +  p.  m. 

49 

2  21  42.86 

18  32  20.7 

5.13 

22.2 

A.  G.  Berl.  A.  673. 

50 

2  44   25.42 

20  22  59.6 

.  0 

20.2 

Par.  ph.   4-21°,  2h  44'",  No.  106. 

51 

2  55    16.84 

20    15  37.2 

5.37 

+  19.0 

Par.  ph.  +21°,  21'  52'",  No.     87. 

52 

13  12  46  L6 

2  36  52.0 

2.41 

-  15.8 

B.  1).  +2C  2054.     4  obs.  Abbadia 

53 

13   17  34.47 

+    2  30  45.1 

2.42 

-15.6 

Boss  P.  G.  C  3459. 

.VI 

15  24  54.48 

-    7  28     6.5 

0.03 

+   1.7 

A.  G.  Oil.  5407. 

REMARKS 

These  observations  are  continued  from  Astron.  Journal  No.  756. 


Aug. 

2.i 

Aug. 

27 

Sept. 

12 

Sept. 

25 

Oct. 

6 

Oct. 

11 

Nov. 

13 

Nov. 

22 

Aug. 

25 

. Vuti. 

27 

Sep1 

20 

Oct. 

5 

Oct.    22 


^  1919  c 

Total  brightness  9M.5. 

Round  nebulosity  about  2'  in  diameter.     Sharp  settings  on  central  condensation.     Total  bright- 
ness 9M.l. 
Small  round  nebulosity  with  12M  central  nucleus.     Total  brightness  9 M.0. 
Total  brightness  8M.5. 
Difficult  in  bright  moonlight. 
Sharp  nucleus.     Total  brightness  8M.0. 
Sharp  nucleus  L0M.     Total  brightness  7M.5. 
Sharp  nucleus.      Diameter  of  nebulosity   I1-/-     Total  brightness  7M.0.      Low  altitude. 

4     1919  6 

Diameter  4'. 5.      Taint   diffuse  condensation.     Total  brightness  10M. 
Diameter  6  I  otal  brightness  =  B.  D.  44    4120  =  9M.l. 

Paint   tail  in  position  angle  355    about   25'  long. 

Sharp  central  nucleus.     Straight  tail  in  position  angle  332  .  ai    least    1°  in  length,  just  visible  to 
naked  eye.      Total  brightness  5M.0. 
osity  much  smaller  with  sharp  nucleus. 


4/  loio  a 

12     Diameter  about  3'.     Central  condensation  12M. 5.     Total  brightnes 
Sept.  20     Nebulosity  2'  in  diameter.     Total  brightness  12M.0. 


11- 


Nov 

L3 

Nov. 

18 

Nov. 

22 

Dec. 

14 

Dec. 

28 

L919  d 

Nebulosity   -V  in   diameter.      Sharp  central   condensation. 

Total  bright™  -s  8M.5. 

Sharp  nucleus   L2M.      Total  brightness  8M.5. 

Nebulosity  2'  in  diameter.     Unsharp  nucleus.     Total  brightness  11 

Faint  nebulosity,  only  13M  total  brightness. 


I'otal   brightm  ss  8M.5. 
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[NTROD1  C  DION 

Other  things  being  equal  coarsely  divided  scales 
can  be  read  much  more  rapidly  bu1  also  much  less 
rately  than  scales  that  are  finely  subdivided. 
When  only  a  small  amount  of  measuring  is  to  be  done 
the  requirement  of  speed  is  usually  of  minor  import- 
ance, and  we  can  employ  either  scales  which  are  amply 
subdivided  so  that  even  a  rough  estimation  will  fully 
meel  all  feasible  requirements  of  accuracy  or  a  movable 
micrometer  thread  with  which  to  measure  fractional 
parts    of    scale-intervals.     For    an    extensive    set     of 

ire>,   however,   the  speed  of  measurement   assumes 
an  importance  more  or  less  comparable  with   that    of 
accuracy.     In  extreme  cases,  in  fad,  accuracj   must  of 
itj     become    of   secondary    importance    in    ordei 
I.,    make    the    project     possible    at     all.      Thus,    for    an 
extensive  piece  of  work  the  designer  of  an  instrumenf 
will   lie  required  to  exercise   his  judgmenl    in  striking 
an  efficient  balance  between  these  two  factors. 
can  besl  be  gained  by  reading  the  scale  directly  with- 
any  auxiliary  settings  on  scale  divisions,    the  frac- 
tional   part-   of  scale-intervals       preferably   tenths  — 
being    obtained    by     estimation.     Tims    one    oi     the 
'taut    elements   to   he   considered   is   the   degree    to 
which  these  estimations  are  dependable.     The  presenl 
pap<  i-  deals  with   this   factor. 

In  estimating  the  position  of  an  index  between  two 
scale  rulings  to  tenths  of  the  scale  interval  personality 
an  important  part.  The  list  of  percentages 
giving  the  frequency  with  which  each  tenth  is  rep- 
resented iii  the  estimations  made  by  an  observer  has 
been  called  by  Pierce  the  observer's  personal  scale. 
In  connection  with  th  oi   measuring  scales  for 

a  special  instrument  it  seemed  to  me  particularly 
desirable  to  know  the  magnitude  and  nature  of  the 
errors  to  be  anticipated  due  to  the  personal  scales 
of   the   measurers.     Ho,   also,   the   personal   scale   may 

1  This  paper  was  in  part  presented  at  the  meeting  of  the  American 
Astronomical  Society  at  Harvard  in  1918.  Abstract  in  Pop. 
Astron.  26,  637,  1918. 


assume  an  unusual  prominence  on  instruments  where 
each  setting  is  individually  important,  a-  perhaps  in 
the  settings  necessary  in  pointing  a  big  nun.  Very 
little  has  been  published  on  the  personal  scale,  hut 
its  importance  seems  to  have  been  early  recognized 
by  Pickering2  who  introduced  an  experiment  in  his. 
regular  laboratory  course  in  Physics  at  the  Massa- 
chusetts Institute  of  Technology,  which  .aimed  to 
familiarize  his  students  with  the  relative  positions  of 
index  and  adjacent  scale  rulings  for  each  tenth  of  the 
scale-interval.  For  .a  few  observers  personal  scales 
have  been  published.3 

The  subject  is  treated  under  three  headings:  Pari  I 
deals  with  personal  scale  obtained  from  observations 
made  in  connection  with  the  regular  program  of 
nan  circle  observations,  i.e.,  estimations  of 
tenths  on  the  telescope  and  circle  micrometers4  and 
on  thermometer  scales;  in  Pari  II.  estimations  made 
on  specially  drawn  scale-  are  discussed;  and  Part  III 
contains  a  few  supplementary  remarks.  The  results 
are  given  Im  low  in  condensed  form,  and  only  those 
points  are  touched  upon  which  seem  to  have  a  practical 
bearing  on  the  estimation  of  tenths.  I  believe,  how- 
ever, that  the  complete  data  contain  material  for  a 
slinh  of  more  detailed  though  perhaps  less  direct  In- 
applicable forms  of  personality-  of  more  particular 
interest  perhaps  to  the  psychologist. 

■  I  M     ical   Manipulation"  by  E.  > '.  Pickering,  second  edition, 
1875,   (p.  27). 

8S.    1).    Townley,    Astronomy   and    Astrophysics,    June  1892; 

K.  Sen,         ,i      ?ubl.   of  th,    A.S.I'..    1.",,   207   and   228,  L903; 

If.  G.  Aitken,  ibid.,  p.  220;   Joel  Stebbins,  ibid.,  17,  75,  1905; 
Otto  Klotz,  Jour.  R.  A.  S.  of  <  lanada,  May-June,  1919. 

4  The  larger  part  of  the  estimations  were  made  on  the  eight 
circle  micrometers,  the  readings  being  taken  directly  from  the 
micrometer  heads  without  the  use  of  magnifying  glasses.  For 
possible  future  reference  it.  may  be  well  to  note  that  in  1913  the 
original  metallic  scales  were  replaced  by  white  celluloid  scales 
with  blackened  graduations.  The  scale  interval  is  1.6mmd  ,  and 
the  present  width  of  rulings  is  0.12mm±.  Only  records  which  are 
(or  are  equivalent  to)  single  settings  can  be  used  for  this  purpose. 
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Part  I.     Personal  Scale  of  a  Numbeh  of  Albany 

< >BSEBVERS 

The  data  discussed  in  Part  I  pertain  principally  to 
sixteen  present  and  former  observers  of  the  Dudlej 
Ob  ervatory,  extending  over  various  periods  of  time, 
in  one  case  over  thirty-nine  years.  They  arc  there- 
fore suited  to  drawing  inferences  as  to  the  degree  of 
constancy  or  of  progressiveness  in  trend  in  individual 


personal  seales.  Published  data  will  also  be  drawn 
upon  to  some  extent.  If  the  individual  estimations 
are  tabulated  as  shown  in  Fig.  1,  which  is  self-explan- 
atory, each  horizontal  line  furnishes  a  visualized 
picture  of  the  personal  scale,  the  "smoothing  out" 
process  incident  to  the  means  of  large  numbers  of 
observations  is  avoided,  and  appreciable  changes  in  a 
persona]  tendency,  either  gradual  or  abrupt,  will  show 
up  promptly.  This  method  will  also  indicate  to  what 
extent    samples    only    need    be   taken    in    tabulating   a 
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long  series  of  estimations.  The  individual  personal 
seales  are  given  graphically  by  the  curves  in  Figs.  2 
to  30.  The  epoch  is  1909-10  unless  given  otherwise. 
The  tables  of  mean  percentages  upon  which  the  graphs 
are  based  are  not  published  because  they  can  be 
taken  directly  from  the  curves  with  ample  accuracy 
for  most  purposes.  The  detailed  tables  can  be  made 
available,  in  manuscript  form,  to  anyone  who  may 
have  use  for  them. 

The  actual  positions  of  the  index  which  represent 
the  several  tenths  in  the  estimations  of  any  observer 
can  be  quickly  approximated  graphically  by  laying 
off  on  a  horizontal  line  successive  distances  equal  to 
the  percentages  with  which  the  successive  tenths  are 
represented  in  the  estimations,  and  then  reading  off 
the  distances  of  the  centers  of  these  sections  from  the 
center  of  the  zero  section.  This  will  give- approximate 
values  only  because  it  assumes  symmetry  about 
zero  for  the  scale  as  a  whole,  which  is  seen  (Figs.  2  to 
30)  l"  be  approximately  true,  and  symmetry  within 
each  section  about  its  center,  concerning  which  no 
evidence  is  adduced  below. 

from  Figs.  1  to  30,  supplemented  by  the  detailed 
tabulations,  a  number  of  interesting  deductions  may 
be  drawn,  the  more  important  of  which  are  the  fol- 
lowing: 

1.  The  regularity  (see  Fig.  1)  with  which  suc- 
cessive tabulations  at  a  common  epoch  duplicate  the 
irregularities  appearing  in  a  personal  scale  shows 
quite  clearly  that  very  little,  if  any,  smoothing  out 
between  tenths  is  permissible.  Thus,  the  curves  in 
Figs.  2  to  30  are  merely  graphs  intended  to  visualize 
ce  the  personal  scales  represented.  Adjacent 
are  connected   by  straight  linos.     Thai    is,   the 


.   1 

percentages  by  which  the  different  tenths  are  rep- 
resented are  more  or  less  isolated  in  character.  They 
are  not  absolutely  independent,  however,  because  if 
one  or  more  tenths  are  favored  then  necessarily  also 
one  or  more  of  the  remaining  tenths  must  be  slighted. 
2.  The  personal  scales  for  different  observers  may 
differ  widely  from  each  other.  "While  one  observer 
may  favor  some  particular  tenth  or  tenths  another 
may  slight  these  and  favor  others.  Note,  for  example, 
that  the  <)."i  is  neglected  as  extensively  by  M.  I.  Roy, 
Mearns  and  Jenkins  (Figs.  16,  13,  9  to  12)  as  it  is 
favored  by  A.  J.  Roy  and  Albrecht  (Figs.  14,  15,  2). 
Some  curves  zigzag  up  and  down,  see  especially  Figs. 
6,  8,  9,  14  and  15.  Other  curves  follow  along  with 
a  remarkably  uniform  smoothness,  as  in  Fig.  13. 
The  most  striking  feature  of  the  personal  scales  is  the 
almost  universal  favoritism  for  the  zero  tenth.  All 
of  the  twenty-two  observers  whose  personal  scales 
are  available  give  the  zero  more  than  the  normal  10 
per  cent  of  the  estimations,  with  the  exception  of  A.  J. 
Roy  in  1916-17  (Fig.  15)  and  Jenkins  m  1909  (Fig.  9). 
The  sixteen  Albany  observers  give  the  zero  an  average 
of  19  per  cent,  and  the  remaining  observers  an  average 
of  17  per  cent.  There  is  no  tenth  which  is  slighted  as 
universally  or  in  approximately  the  same  degree  as 
the  zero  is  favored.  In  the  means  for  all  of  the  Albany 
observers  (Fig.  27)  the  central  five  positions  (0.3,  0.4 
0.5,  0.6,  and  0.7)  are  somewhat  neglected;  the  0.2 
and  0.8  are  only  slightly  favored;  and,  perhaps  con- 
trary to  general  expectations,  the  tl.l  ami  0.9  are 
not  much  neglected.  However,  this  curve  has  a 
very  restricted  application,  the  large  and  varied 
individual  deviations  from  it  being  relatively  more 
important  in  practice. 
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Figs.  8  to  12 
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3.  Most  of  the  curves  are  essentially  symmetrical 

with  respect  to  0.0  and  0.5  —  see  especially  Figs. 
3,  13,  18  to  25,  285  and  20.  Some  of  the  curves, 
though  more  or  less  balanced  show  a  decidedly  unbal- 
anced   preference   or   neglect    for   one   or   two   of   the 

tenths  —  see,  for  example,  the  partiality  to  the  0.6 
by  L.  Boss  in  1895  (Fig.  4),  and  the  neglect  of  the 
0.6  and  the  persisting  preference  for  the  0.8  by  Jenkins 
through  the  period  from  1909  to  1917  (Figs.  1)  to  12). 
A  slight  dissymmetry  between  the  low  and  the  high 
tenths  is  found  in  some  of  the  curves.  Thus,  the 
curve  of  Ogbukn  (Fig.  6),  which  is  in  other  respects 
very  good,  shows  a  total  representation  of  4(1  per 
cent  for  0.1,  0.2,  0.3  and  0.4  and  only  37  per  cent 
for  0.6,  0.7,  0.8  and  0.9. 

4.  For  any  individual  observer  the  personal  scale 
is  constant  to  a  remarkable  extent  over  both  short 
and  moderately  long  periods  of  time,  usually  even  up 
to  a  year.  For  very  short  time-intervals  this  con- 
stancy is  brought  out  quite  forcibly  in  the  detailed 
tabulations  arranged,  as  illustrated  in  Fig.  1.  to  show 
up  immediately  any  decided  change.  For  moderately 
long  periods  it  is  best  illustrated  by  the  agreemeni  of 
the  curves  tor  circle  E  and  circle  W —  which  involve 
intervening  time-intervals  of  weeks  or  even  of  many 
months  —  for  Jenkins  1909  (Fig.  9)  and  for  M.  I. 
Roy  (Fig.  Hi);  see  also  Figs.  11  and  12.  However, 
in  one  instance,  that  of  Tucker  (Figs.  18,  19  and  20) 
the  scale  changed  very  markedly  within  less  than  a 
year. 

5.  Fatigue  appears  not  to  change  the  personal 
scale  appreciably.  For  example,  it  remained  essen- 
tially constant  during  five  hours  of  continuous  observ- 
ing at  great  speed,  as  is  illustrated  in  Fig.  1. 

6.  For  some  observers  the  personal  scale  changes 
very  little  over  long  periods  of  time.  That  of 
Raymond  (in  Fig.  7)  remained  the  same,  except  for 
minor  changes,  for  the  entire  period  of  nine  years 
which  the  observations  cover.  Aside  from  the  large 
increase  for  the  zero  tenth  the  scale  of  Schlesinger 
(Fig.  28)  was  only  slightly  changed  in  the  interval 
of  five  years.  For  other  observers  the  personal  scale 
may  undergo  gradual  and  more  or  less  progressive 
changes  in  the  course  of  years.  This  is  bes  t  illustrated 
by  the  scale  for  .Jenkins,  eight  separate  annual  deter- 
minations of  which  are  available  (Figs.  9  to  12)  within 
a  total  period  of  nine  years.  See  also  the  nine  deter- 
minations for  TUCKEK  (Figs.  IS  to  2."))  covering  a 
period  of  39  years.  The  epoch  is  perhaps  the  most 
important  consideration  in  discussing  a  personal 
scale.  Thus,  the  changes  in  Tucker's  scale  are  not 
especially  related   to  change  of  location  and  of  instru- 

Phofi     on  Schlesinger  kindly  communicated  In-    L907  scale 

tu  me  by  letter. 
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ment  (similar  in  kind)  bu1  to  the  epoch  of  observation. 
Therefore,  averaging,  i.e.,  smoothing  out  between 
widely  separated  epochs,  is  qo1  allowable  excepl  for 
scales  which  have  been  shown  to  have  remained 
constant  during  the  time-interval  in  question. 

7.  As  a  rule  certain  persisting  tendencies  stand 
nut  even  through  marked  progressive  changes  for 
the  scale  .-is  :i  whole.  Note  the  persisting  tendency 
id  favor  the  0.8  in  the  radically  and  progressively 
changing  scale  of  Jenkins   (Figs.   9   to   12);    also  the 

toward  a  normal  I.  e.,  in  per  cenl  - 
representation  Tor  the  0.5  through  the  39  years  covered 
by  the  data  for  Tuckeh  (Figs.  18  to  25). 

8.  When  the  0.5  positions  on  the  seale  are  also 
marked  by  (short)  graduations  the  problem  becomes 
to  a  large  extenl  thai  of  estimating  fifths.  This  is 
well  broughl  out  in  the  estimations  of  tenths  of  di 

on  thermometer  scales  on  which  thi  half-degrees  an 
also  graduated.  Compare  the  estimations  by  Jenkins 
for-  >  and  T  (Fig.  31)  with  his  curves  for  the  same 
epoch  in  Figs.  11  and  L2.  The  graduations  at  0.5 
have  practically  the  same  representation  in  the  esti- 
mations as  the  main  graduations. 

9.  Personal  scales  may  be  subject  to  minor  varia- 
tion.-, depending  upon  the  orientation  of  the  scale  rel- 
ative to  the  observer's  position.  Thus,  for  some 
observers  the  results  from  the  four  circle  microscopes 

taken  separately)  differ  somewhat  among  them- 
selves, the  difference  being  moderately  well  defined. 
Tins  effect  may  deserve  somewhat  closer  study.  The 
widths  of  the  rulings  also  seem  to  influence  the  estima- 
tions, as  will  be  shown  in  Part    I  1. 


Part  II.     On  Special  Si  s.les 


During  the  progress  of  the  work  on  personal  scales, 
-ed    in    Part    I,    it    seemed    probable    that    some 
persons  are  influenced  in  their  estimations   to  a  con- 
siderable  extent    by   the    widths  of   the   scale   rulings. 
The  eh   d    eemi  d  to  enter  in  a  more  or  less  unconscious 
lency    to  judge   the    tenths    in    part    by    the   clear 
-    on    the   two   sides   of   the    index   rattier    than    by 
the    relative    distances    between    median    lines    of    the 
index    and    the   adjoining   scale   divisions.     The    most 
obvious   result    of   such   a    tendency   is   to   produce   a 
deficiency    in   the   total    representation   of   the   central 
tenths   and   to   overemphasize   the   zero   and    in    some 
cases    the   adjoining   tenths    (0.1,   0.2,   0.8,    and    0.9). 
dims  a  pronounced  tendency  of  this  kind  would  offer 
a  plausible  explanation  for  personal   scales   in   which 
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the  zero  is  very  strong;  also,  in  part,  lor  scales  in 
which  the  0.0,  0.1,  0.2.  0.8  aid  0.9  are  all  strong 
the  five  central  tenths  are  very  weak,  an  extreme 
of  the  latter  kind  being  the  scale  of  observer  A 
in  Fig.  29.  The  almost  universal  preference  ■  for 
the  zero  (see  Part  1'  suggests  the  possibility  thai 
perhaps  very  few  observers,  if  any.  are  entireb 
from  such  a  tendency.  It  was  readily  found  in  some 
prelim  i  was  especially  pronounced  in  a 

most   careful   and   particular  observer,  persisting 
after  his  attention  ha  pecially  drawn  to 

point.  For  example,  with  very  wide  lines  this  observer 
estimated  measured  positions  of  0-1"'  and  0.18  as 
0.04  or  0.05  and  rounded  them  off  to  0.0. 

It  wotdd  seem  that  an  effect  of  the  nature  described 
dd  he  a  minimum  with  very  narrow  rulings, 
because    then    the    ratio    of    the    two    char    -paces    will 
approximate    closely    to    the    ratio    of    the    distances 
referr  n  lines  of  the  rulings.     It 

become  more  pronounced  —  probably  within  limi 
with    increasing    widths    of    index    and    scale    rulings. 
Although  the  use  of  suitable  mechanical  devices  would 
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Figs. 

convenience  this  effect  can  also  be  studied  by 
mean-  of  specially  drawn  scales  with  rulings  ranging 
in  width  from  relatively  fine  to  very  wide.  Such 
scales,  with  numerous  lixed  indices  drawn  in,  have 
the  merit  thai  they  allow  of  a  direct  intercomparison 
of  the  relative  positions  of  the  index  for  the  several 
tenths  and  can  be  submitted  for  estimation  at  different 
and  to  au\  unci  rvers,  the  estimations 

to  be  compared  with  measured  positions  of  the  indices. 
Although    the    subjeel    has    not    been   followed    to    its 
logical  conclusion  in  every  detail,  nevertheless  silt! 
has    been    done    to    warrant    the    brief   account      which 
follows. 

A  number  of  special  scales  were  constructed  and 
used.  Those  most  extensively  employed,  designated 
by  the  letter-  /•'.  /•",  G  and  G'  were  ruled  in  india  ink 
on    WatmannV    drawing    paper.     The    two    series    of 
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indices  F  and  /•"  are  respectivelj  below  and  above  a 
common  scries  of  graduations  having  a  constant 
width  of  0.00  of  an  interval.  Similarly  G  and  G' 
are  scries  of  indices  one  below  and  the  other  above 
a  set  of  rulings  which  have  the  constant  width  of 
0.20  of  an  interval.  The  uniform  scale  interval  is 
4. •_'""".  il  6  inch).  The  four  sets  of  indices  arc  as 
nearly  similar  to  each  other  as  it  was  possible  to 
draw  them  with  an  ordinary  ruling  pen.  In  each  set 
the  indices,  159  in  number,  range  in  width  from  0.056 
or  0.06  to  0.60  of  a  scale  interval,  i.e.,  from  a  Little 


over  <).•_>"""  to  2.5mm  (0.01  in.  to  0.1  in.).  While  esti- 
mating a  sheet  of  paper  with  a  small  rectangular 
aperture  was  used  to  cover  all  parts  of  the  scales  excepl 
the  part  icular  index  which  was  being  estimated  and  one 
ruling  on  each  side  of  it.  The  scales  were  esti- 
mated twice  in  both  direct  and  reversed  positions, 
with  an  interval  of  a  few  days  between  the  two  sets 
of  estimations.  Thus  each  index  was  estimated  four 
time-.  Imt  in  the  reversed  position  a  0.1  becomes  a 
0.9,  etc..  and  the  position  is  changed  from  below 
to  above  thi  scale  rulings  or  vice  versa.  The  estima- 
tions were  made  to  hundredths  of  an  interval,  the 
second  decimal  being  roughly  and  quickly  approx- 
imated. The  actual  time  taken  for  one  complete 
if  estimations  (318)  on  each  scale  was  :;u  minutes, 
which  allowed  an  average  of  5.6  seconds  per  estimate, 
including  the  time  necessary  to  shift  the  small  rec- 
ilar  aperture  after  each  estimate.  Only  my 
own  estimations  and  those  of  Mr.  Jenkins  have 
been  completely  discussed.  The  estimations  by  Jen- 
kins are  especially  suitable  for  tests  of  this  kind 
because  his  habits  of  estimating  are  such  as  to  leave 
his  personal  tendencies  practically  free  from  unusual 
or  temporary  disturbing  influences. 

Three  series  of  graphs  were  made,  each  of  which 
was  to  serve  a  specific  purpose.  In  the  first  the 
individual     differences     between    the    estimated     and 

1  i  )n  some  of  the  other  scales  widths  down  to  about  0.02  were 
used. 


measured  positions  of  the  indices  wen  plotted,  a 
separate  graph  being  made  for  each  small  range  of 
widths  and  also  for  the  "direct"  and  tic  "reversed" 
positions  of  the  scales.  Displacements  toward  the 
left  or  righl  of  the  measured  positions  were  used  as 
abscissae  and  the  positions  of  the  indices  counted  from 
the  nearest  ruling  toward  the  left  as  onlinates,  increas- 
ing downwards.  The  average  widths  of  indices  for 
these  graphs  are  0.06,  o.io,  0.17,  0.20,  0.24,  0.33, 
and  i). ."ill.  in  terms  of  scale  interval.     The  purpose  of 

this  set  of  graphs  was  to  show,  for  any  width  of  lines, 
how    the    displacement-     vary    with     the    distance.       In 

tin'  second  scries  one  graph   was   made  for  each  step 

of  0.05  in  the  position  of  the  index,  the  necessary 
quantities  being  taken  from  the  first  set  of  graphs. 
These  were  to  bring  out  clearly,  for  each  fixed  position 
of  the  index,  the  changes  in  the  displacement  dependent 
upon  increasing  width  of  index.  The  third  set,  which 
is  reproduced  in  figures  32  to  45,  is  a  condensed  from 
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Figs.  32  to  34— Scale  F  Figs.  35  to  37— Scale  G 
of  the  first.  It  comprises  separate  graphs  for  the 
larger  groupings  of  "narrow,"  "intermediate,"  and 
"wide"  indices,  for  both  the  narrow  and  the  wide 
scale  rulings.  In  the  graphs  for  Jenkins  (Figs.  32  to 
37)  results  for  "direct"  and  "reversed"  are  combined. 

In  those  for  AlbheC'HT  (Figs.  38  to  15)  separate  curves 
are  drawn  for  indices  above  and  for  indices  below 
the  scale.  The  data  are  insufficient  to  show  whether 
differences  of  a  systematic  nature,  which  apparently 
must  lie  of  a.  lower  order  of  magnitude,  exist  depending 
upon  the  position  of  the  index  above  or  below  I  he  scale. 
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Figs.  38  to  41— F  and  F'       Figs.  I-  ro  15 — G  and  G' 


The  following  summary  contains  the  principal 
results  derived  from  the  data  described  above: 

1.  Both  observers  have  a  definite  and  pronounced 
tendency  differing  from  each  other  considerably 
in  detail,  however, — to  estimate  too  close  to  the 
nearer  of  the  adjacent  scale  rulings;  i.e.,  toward 
the  left  in  the  left  (/.  e.  first)  half  of  the  scale  interval 
and  toward  the  right  in  the  right  half.  The  reg- 
ularity with  which  this  may  occur  is  well  illustrated 
by  the  results  for  Jenkins,  which  show  397  estimat  ions 
too  close  to  the  nearer  ruling,  6  agreeing  exactly  with 
the  measured  positions,  and  only  35  tod  far  from  the 
nearer  ruling.  The  almost  universal  preference  for 
the  zero  tenth,  found  in  Pan  1,  maj  have  its  explana- 
tion in  a  rather  general  tendency  to  estimate  too 
close  to  t  he  nearer  ruling. 

2.  This   tendency   is  essentially    the   same    (within 
rate   limits)   for  index  above  as  for  index  below 

the  scale  rulings,  thus  making  it   practicable  for  most 
purpo  combine    the    results    for    "direct"    and 

"  reversed  "  positions. 

3.  For  both  observers  the  amount  of  the  displace- 
ment varies  considerably  with  the  distance  of  the 
index   from   the   rulings.     1'or   Jenkins   the    tendency 


is  quite  regular,  appearing  shortly  after  the  index 
leaves  the  position  of  coincidence  with  the  scale 
division,  increasing  progressively  to  a  maximum  at 
about  the  distance  of  0.35,  and  dropping  off  more 
abruptly  toward  the  position  midway  between  rulings. 
In  the  second  half  of  the  interval  this  trend  is  repeated 
in  inverse  order,  coming  up  rapidly  to  a  maximum 
at  about  the  position  0.65  and  dropping  off  more 
slowlv  again  as  the  next  ruling  is  approached.  In  my 
own  estimations  this  tendency  is  not  as  regular  nor 
as  uniformly  progressive  as  in  those  of  Jenkins. 
Apparently  individual  differences  of  secondary  and 
perhaps  even  of  prime  importance  must  be  anticipated. 

4.  The  tendency  to  estimate  too  (dose  to  the 
nearer  ruling  varies  also  with  the  width  of  the  index, 
as  is  well  illustrated  in  the  figures.  For  Jenkins 
the  change  with  width  of  lines  is  apparently  of  secondary 
importance,  the  displacement  toward  the  nearer  ruling 
being  pronounced  even  for  narrow  widths  and  increas- 
ing only  moderately  with  wider  lines.  In  my  estima- 
tions the  displacements  are  slight  for  narrow  lines 
but  with  wide  lines  reach  values  of  about  the  same 
magnitude  as  for  JENKINS. 

5.  In  certain  cases  a  very  slight  tendency  has 
been  found,  in  magnitude  of  a  lower  order  than  the 
effects  enumerated  above  aiisl  superimposed  upon 
them,  to  estimate  sytematically  to  one  side,  for 
example  to  the  left,  for  practically  all  positions  of  the 
index.  This  effect  is  illustrated  in  Fig.  38  where  it  is 
equal  to  about  one-half  of  one  per  cent  of  a  scale 
interval.  It  is  present  also  in  some  of  my  estimations 
,n!  other  scales.  It  is  apparently  absent  in  the  curves 
for  Jenkins.  From  the  fairly  close  approximation 
to  symmetry  about  zero  which  was  found  for  all  the 
personal  scales  tin  Fart  I)  it  seem-  reasonably  certain 
that  this  last  mentioned  effect  must  he  usually  either 
very  slight  or  entirely  absent. 

Part  111.     Supplementary  Remarks 

(A)  An  observer's  early  estimations  are  apt  to  be 
more  or  less  rest  rained  by  unusual  care  taken  and  bj 
conscious  effort.  When  the  operation  of  estimating 
has  become  practically  automatic  the  inhibiting 
influences  are  absent  and  the  observer's  natural  ten- 
dencies are  liroiight  out.  Two  interesting  practical 
questions  are  raised  in  this  connection:  First,  can 
very  pronounced  peculiarities  in  a  personal  scale  he 
greatly  and  safely  reduced  by  frequent  practice  —  only 
a' few  minutes  at  a  time  —  in  fixing  in  mind  the  cor- 
rect relative  positions  of  index  and  scale  rulings  for 
each  tenth  and,  second,  to  what  extent  can  persons 
with    no    previous    experience    in    estimating    tenths 
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readily  acquire  and  retain  a  true  personal  scale'.' 
The  results  in  Part  II  show  thai  these  questions 
must  lie  answered  with  reference  to  particular  widths 
of  rulings  and  index,  and  I  hat  therefore  practice 
scales  should  have  scale-interval  and  widths  of  lines 
similar  to  those  in  the  scale  to  he  estimated.  These 
questions  were  taken  up  to  the  extent  indicated  below. 

Practice  scales  were  constructed  showing  the  posi- 
tions, correct  to  within  0.01  of  an  interval,  for  each 
tenth  and  twentieth.  Tests  were  applied  to  onl\ 
two  observers  with  considerable  previous  experience. 
Both  were  able  to  familiarize  themselves  with  the 
scales  in  three  practice  periods  of  aboul  1  5  minutes 
each,  and  were  then  able  In  correctly  estimate  tenths 
taken  at  random  with  only  an  occasional  error  as 
large  as  a   tenth. 

The  practice  scales  were  also  given  to  three  assistants 
who  had  had  no  previous  experience  in  estimating 
tenths.  They  devoted  about  15  minutes  per  daj 
for  three  successive  days  in  familiarizing  themselves 
with  the  true  scale,  after  which  they  made  their  hist 
independent  estimations  on  similar  scales  but  with 
the  indices  drawn  in  at  random.  They  were  allowed 
to  refer  to  their  practice  scales  at  will,  of  which  privilege 
they  availed  themselves  only  occasionally  after  the 
first  day.  It  was  found  that  each  of  these  observers 
estimated  correctly  to  within  one-twentieth  of  an 
interval.  The  estimations  were  all  made  without 
any  hesitation. 

After  an  interval  of  two  years,  during  which  time 
no  estimations  of  the  positions  of  indices  were  made, 
two  of  the  three  observers  referred  to  in  the  preceding 
paragraph  made  additional  sets  of  estimations.  They 
were  first  given  the  practice  scales  for  a  two-minute 
period  of  practice  in  judging  the  relative  positions 
of  index  and  scale-rulings  for  each  tenth  of  the  scale- 
interval.  Then  independent  estimations  were  male. 
followed  by  another  two  minute  practice  period, 
which  in  turn  was  followed  by  more  estimations. 
The  scales  estimated  had  widths  of  lines  equal  to 
one-thirtieth  of  the  scale-interval.  The  estimations 
were  made  very  rapidly  and  without  any  reference  to 
the  practice  scales.  Positions  of  the  index  which 
differed  by  one  one-hundredth  of  an  interval  or  less 
an  exact  multiple  of  one-tenth  were  generally 
lated  correctly.     Thus,  for  one  of  the  observers 

eighty-nine  per  cent  of  55  such  exact  tenths  were 
estimated  correctly  and  eleven  per  cent  were  in  error 
by  one-tenth,  the  estimations  being  made  to  tenths. 
For  all  positions  of  the  index  the  results  of  the  other 
observer  may  Ke  quoted.  Eighty-five  per  cent  of 
this  observer's  estimations,  recorded  to  the  nearest 
twentieth    of    an    interval,    were    correct     within    one- 


twentieth  of  an  interval,  and  her  largest  differences 
estimated  minus  measured  were  .Hi.  Personality 
is  clearly  evident  in  i  he  estimations  of  both  observers, 
hut  ii  is  superimposed  upon  a  good  degree  of  accuracy. 
Both  show  a  definite  tendency,  similar  to  that  illus- 
trated in  Figs.  32  to  4.">  for  Jenkins  and  Albrecht, 
to  place  the  estimations  slightly  too  near  the  nearer 
of  the  two  scale  rulings,  the  amount  of  the  displace- 
ment varying  also,  as  in  the  illustrations,  with  the 
distance  of  the  index  from  the  rulings. 

As  far  as  these  meager  I  rials  go  t  hey  seem  to  indicate 

the  practicability  of  acquiring  a  nearly  true  personal 
scale  with  a  very  limited  amount  of  practice.  Appar- 
ently  Pickering  had  arrived  at   a  similar  c tlusion. 

To  quote  from  his  text  (I.e.),  "By  practice  one  can 
read  these  fractions  (tenths)  almost  as  accurately 
as  by  a  vernier."  It  also  seems  likelj  I  hat  such  an 
acquired  scale  can  he  retained  by  referring  to  the 
practice  scales  for  a  minute  or  so  before  beginning  a 
day's    measures,   and    by   an    occasional    reference    to 

them  during  the  measures.  for  observers  with  prev- 
iously acquired  habits  greater  caul  ion  may  he  nec- 
essary to  prevent  backsliding.  The  acquisition  of  a 
true  scale  may  he  especially  desirable  and  practicable 
in  an  extensive  measuring  program.  In  such  a  pro- 
gram the  practice  scales  should  he  employed  prin- 
cipally in  the  acquisition  and  retention  of  a  nearly  true 
scale,  while  the  actual  personal  scales  of  the  observers 
should  he  determined  at  appropriate  intervals  from 
the  observations  themselves.  Also,  where  a  slide- 
rule  is  employed  extensively  the  use  of  suitable  prac- 
tice scales  may  increase  considerably,  in  some  cases. 
the  accuracy  of  the  individual  readings  without   any 

loss   of   spei'd. 

(B)  The  subject  of  applying  corrections  for  per-' 
sonal  scale  I  approach  with  considerable  misgivings, 
because  unless  due  caution  is  exercised  in  each  indi- 
vidual case  it  may  lead  to  considerable  additional 
labor  with  only  moderate  or  unimportant  gains  in 
tin  individual  results,  or  possibly  even  to  the  intro- 
duction of  small  systematic  effects.  However,  when 
proper  precautions  have  been  taken  there  can  be  no 
more  objection  to  corrections  for  personal  scale  than, 
for  example,  to  the  numerous  corrections  for  personal 
and  instrumental  effects  winch  are  regularly  deter- 
mined and  applied  in  the  determination  of  stellar 
positions  with  the  meridian  circle.  The  question  as 
to  whether  such  corrections  should  or  should  not  be 
applied  may  be  summarized  as  follows: 

Corrections  for  personal  scale  should  not  be  applied: 

I")      In   all    cases   where    they    are    not    worth    while. 

This  may  be  the  case  either  where  the  required  accuracy 

for    the    individual    estimations    is    amply    met    by    a 
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rough  estimation  of  truths,  or  where  the  inaccuracies 
of  estimation  largely  disappear  in  averages,  as  per- 
haps in  meridian  circle  zenith  distances  which  are 
obtained  from  readings  on  four  micrometi  rs 

(b)  In  all  cases  where  there  is  danger  of  thereby 
introducing  systematic  effects  into  the  results. 

Corrections  for  personal  scale  should  he  applied  — 
after  having  made  reasonably  certain  that  no  sys- 
tematic effect    would  he  introduced: 

(a)  When  the  resulting  gain  in  the  accuracy  of 
the  individual  readings  would  be  a  decided  advantage. 
and 

[li)  When  thereby  a  systematic  effect  would  be 
actually  eliminated.  This  may  he  illustrated  by  the 
following  suppositious  case:  Suppose  that  in  a  par- 
ticular piece  of  work  the  diameters  of  star  disks  on 
photographic  plates  were  determined  by  the  est'1  Hon 
of   tenths   of   the   scale-interval   on   a    small    .■  n 

scale  in  the  observing  microscope.  Then  the  estima- 
tions for  all  star  images  of  any  given  diameter  would 
contain,  as  a  systematic  effect,  the  peculiarity  of  the 
corresponding  portion  of  the  observer's  personal  scale. 

When  corrections  are  to  be  applied  for  personal 
scale  the  latter  should  be  determined,  if  possible,  from 
the  observations  themselves.  When  these  are  not 
sufficiently  extensive  to  furnish  a  good  determination. 
then  the  personal  scale  may  be  determined  (see  con- 
clusions 1.  4.  and  .">  in  Pari  I)  from  similar  estimations 
made  at  approximately  the  same  epoch. 

(C  In  designing  a  measuring  scale  more  than  a 
pa-sing  thought  should  be  given  to  the  scale  interval 
to    be    adopted.       Most     of    Us    perhaps     have    at     some 

time  or  ot  her  expressed  satisfaction  at  the  attainment 
of  such  a  high  degree  of  accuracy  of  measurement 
that  the  second  settings  on  good  images  almost 
invariably  duplicate  the  first.  However,  when  this 
condition  obtains  the  measures  contain  the  following 
two  draw  ba  i  lie  full  readily  attainable  accuracy 

of  the  individual  measures  has  not  been  reached  in 
the  readings  and.  (b)  the  individual  results  contain 
the  peculiarities  of  the  personal  scale  of  the  measurer 
to  nearly  their  full  extent.  The  remedy  lies,  of  course, 
in  a  somewhat   liner  subdivision  of  the  scales. 

So  also,  I  believe,  the  widths  of  rulings  and  of  index, 
which  within  the  ordinary  range  of  experience  are 
best  expressed  in  terms  of  the  scale-inl  erval,  are 
hardly  ever  given  more  than  a  momentary  thought. 
In  the  discussion  above   1   have  merely  touched  upon 


the  fact  that  the  estimations  are  influenced  to  a  con- 
siderable extent  by  the  widths  of  the  lines.  In  this 
direction  more  work  could  profitably  be  done,  for  a 
larger  number  of  observers,  especially  for  determining 
whether  there  is  a  range  of  widths  which  is  most 
favorable  in  regard  to  both  the  influence  upon  the 
personal  scale  and  the  ease  with  which  the  estimations 
can  be  made.  For  example,  in  my  rather  limited 
tests  I  found  that  estimating  very  wide  lines  was 
much  more  difficult  and  fatigueing  than  for  narrow 
lines.  This  fact  was  also  brought  out  in  the  increased 
range,  with  wide  lines,  in  the  differences  "estimated 
minus  measured"  and  in  the  larger  probable  error  of  a 
single  estimation.  Habit  and  previous  experience 
may  have  an  important  influence  in  this  regard. 

{D)  In  conclusion  I  wish  merely  to  offer  the 
suggestion,  without  making  any  implication  for  or 
against  the  practical  usefulness  of  the  suggestion, 
that  if  both  rulings  and  index  lie  given  a  width  of 
0.2  of  a  scale-interval,  then  the  nearest  tenth  can  be 
accurately  read  off  at  a  glance  instead  of  being  subject 
to  the  uncertainties  of  estimation.7  Such  a  scale  is 
illustrated  in  Fig.  4(i.  For  the  positions  0.1  and  0.9 
Fig.  4ti 

.0  .1  .2  .3  .4  .5  .6  .7  .8  .!•  .0 
the  index  and  scale  ruling  overlap  each  other  half  way. 
At  0.2  and  0.8  index  and  scale  division  are  jusl  tangent 
to  each  other.  At  0.3  and  0.7  a  clear  -pace  of  one- 
half  a  ruling  width  is  between  them,  which  become-  a 
ill  width  at  (1.4  and  0.6.  At  0.5  the  two  sides  are 
balanced.  When  the  index  and  ruling  overlap  each 
other  by  three-fourths  of  their  widths  the  position 
index  is  either  0.05  or  0.95,  depending  upon  the 
direction.  When  they  overlap  by  one-fourth  of 
their  widths  the  reading  is  0.15  or  0.85.  It  seems 
desirable  that  a  number  of  observers  should  acquire 
experience  in  the  use  of  such  a  scale  in  order  to  learn 
to  what  extent  its  use  may  be  practicable.  It  may 
find  a  limited  application  in  some  cases  where  free- 
dom from  the  effects  of  personal  scale  are  especially 
desired  on  account  of  the  importance  of  the  individual 
readings.  I        \  1920. 

'  This  does  not  apply  to  long  indices  which  extend  across  the 
entire  length  of  the  scale-rulings  and  in  certain  positions  partly 
or  wholly  cover  them. 
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EVIDENCE   OF   MOVING   CLUSTERS    IX    KAPTEYN'S    FIRST   DRIFT, 

Hy  axel  corlin. 


Tin    following  paper  gives  the  preliminary   results  of 
an  investigation  of  mo  rs  in   Kapteyn's  first 

drift  togel  I  ween 

d  velocity  intl  i  asters, 

tigation  is  being  continued  by  the  author  a1 
tin  observatory  of  Upsala  and  the  final  results  will  be 
published  later  in  a   more  exhaustive  paper. 


1     A  New  Moving  Cluster  of  F.*int  Stars. 

When  studying  the  distribution  in  space  of  Adams 
and  Joy's1  500  stars  with  spectroscopic  parallaxes  the 
writ'  tvtio]  I  to  five  adji 

in  ik  ion,  which  were  very  similar  in  spectral 

lute  and  apparent   magnitude  (except 

and   amount    of  proper-motion.     These   five   stars  are 

numbers   1.  9,    10,    11   and    L2  in  Table   1.     When  the 

;uns  of   i heir   proper-motions   were  examined,   it 

was    shown    thai    thej  d   strongly    towards  a 

point,  which  wa.s  approximated  ed   to 

■dated 
—  observed'      in     position-.  +1   .6,     which 

quan  alid    for   the    hitherto 

known  and 

was    therefore   present,    that    the    five   stars    in    n 
moved   parallel    i  her  in   the  direction 

tried 
to  derive   t  heir  real   \  Iso.     If  the   ■■  e  i 

of  the  same  magnitude,  it  was  very 
probable  that  the  stars  moved  parallel  to  each  other. 
ms  would  be  fulfilled  for  the  assumption 
that  they  form  a  part  of  a  moving  cluster.  These 
conditions  are:  convergence  towards  a  single  point, 
equal  velocities  in  the  direction  of  the  convergent 
point,  and  conformity  in  spectral  type.  By  the  last 
condition  is,  however,  not  meanl  a  limitation  to 
only  1 1  ■  I    type,    but    there    musl 

more  than  one  star  of  a  given  type  if  we  are  to  assume 
1  Ap.  J.,  Vol.    16,   p.  313. 


vpe  is  represented  an 
I  !f.    Eddini  liar    Movements"    p. 

the  stars  (viz.  Bradlei  3077),  at  re  the  more 

uncertain    method,    not    used    before,    of    deriving 
real    velocity    from    parallax   and   proper-motion   must 

be  used  in  this  ease.     This  is  done  rmula: 


I         1. 


/< 


,t  sin  X 


I'    is    real    velocity;     /;    is    proper-motion;     w   is 
parallax;    and   X   is   distance   of   the  star   from   the   con- 
tit.      By  differentiatin  mula: 


,IY  = 


f/ju 


IT  ((/    X 


and  substituting  for  dp,  and  dir,  and  f/X  the  allowable 
errors  in  the  proper-motion,  parallax,  and  convergent 
respectively,  and,  lastly,  summing  up  all  sources 
of  errors,  one  obti  o  th  alii  v  i  : 
such  determination  of  velocity.  In  the  calculations 
here  <l-  is  assumed  to  : -  r<        Ap.   ./.. 

Vol.  XI. VII  p.   15),  dp,  0".03  (derived  bj   comparison 
n  ■!  ions  in  \  w  M  \  \n  en's  and  Pot?  i 
igues  of  the  stars  empli  d    d\,   0.017 

rding   to    the    mean    error   in    th  nation 

of    the    convergent     point).     The    velocities     of     thi 
five      stars,      thus     derived,      with     their     allov 

became;    47    ±7.5;    60.5    ±9.9;    66    ±8.0;    53 

i=8.6;    and   (i'J     i=9.8   km    sec.      From    the   only   radial 

velocity  was  derived:  62  km   sec.     With  the  exception 

first   these  velocities  do  not   deviate  more  from 

their    arithmetical    mean    Kill.:'.    !  an    is    per- 

d   by   their  allowable  errors.      Therefore  it   seemed 

probable  that    the  last   four  stars  in   reality   belong  to 

1    Cm.    PbL,    No.     IN. 
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agroup  which  is  moving  towards:  a  =6h  12'";  5=  —13° 
with  a  velocity  of  about  60  km  sec.  Perhaps  the 
first  star  is  also  a  member  (if  the  group  —  the  difference 
in  velocity  may  depend  on  a  greater  error  in  its  observed 
parallax  or  proper-motion  than  what  is  assumed. 

A  continued  examination  in  this  respect  of  the 
stars  in  Adams'  and  Joy's  list  showed,  however,  that 
some  more  stars  in  this  list  oughl  to  belong  to  tin- 
new  moving  cluster.  Further  it  was  probable  that 
Adams  and  Joy  had  only  by  chance  found  some  of 
the  members  of  the  cluster,  and  that  there  were  con- 
utlv  a  greater  number  of  these.  For  tins  reason 
1  undertook  a  systematic  search  in  our  catalogues  of 
proper-motion  for  stars  converging  to  the  point  men- 
tioned iu  order  to  detect  possible  new  members  of 
the  cluster.  As  the  members  which  were  already 
found  did  not  show  any  pronounced  localization  on 
the  firmament,  the  search  was  extended  over  the 
whole  sky.  For  this  purpose  position-angles  for 
the  direction  towards  the  convergent  point  were 
calculated  from  points  over  the  whole  sky  (a  total 
number  of  6700  points,  situated  at  most  F  from  each 
other)  and  were  collected  in  a  table.  With  the  aid 
of  this  table  the  following  catalogues  were  examined 
fur  converging  stars,  the  proper-motions  of  which 
were    >()".10  annually: 

1  van  Maanen:  "Fist  of  stars  with  proper- 
motion  exceeding  0".50  annually."  Ap.  ./.,  Vol. 
XFF  p.    1ST. 

2  Innes:  "Proper-motion  stars  south  of  —  19°." 
Union  06s.  Circ,  No.  19. 

3  Adams  and  Kohlschutter:  "The  radial  veloci- 
ties of  100  stars  with  measured  parallaxes."  -l/».  ■/.. 
Vol.  KXXIX,  p.  341. 

4  Kapteyn:  "Sixth  computation  of  the  stars  of 
Bradley."     Gron.  Publ,  No.  9.     (Only  type  II  stars.) 

5  Ftjruhjelm:  "Recherches  sur  les  mouvements 
propres  des  etoiles  dans  la  zone  photographique  de 
Helsingfors."  Acta  Soc.  Scient.  Finn  tear.  Vol.  XLVIII, 
\'o.   F 

Further,  parts  of  the  following  catalogues  were  exam- 
ined : 

6  P.oss:    "Preliminary   General  Catalogue." 

7  Porter:  "Catalogue  of  proper-motion  stars." 
Cin.  Publ  ,  No.  is.  Fart   1  and  11. 

8  Campbell:    "The  radial  velocities  of  915  stars." 

Bull.,   No.  229. 

9  Adams:  "The  radial  velocities  of  500  -tar-." 
.1/,.  ./..  Vol.  XLII,  p.   172. 

10  Kustner:  "  Radialgesehwindigkeiten  von  227 
Sternen."     A.  N.,  4750. 

The  result  was  254  stars  converging  within  6  ; 
82  of  these  showed  a  proper-motion  >0".50  annually. 


The  latter  are  all  the  proper-motion  stars  of  this  kind 
known  to  the  year  1915  which  converge  towards  the 
point,  because  the  lists  of  van  Maanen  and  Innes 
complete  one  another  in  the  publishing  of  those  stars 
For  54  of  the  82  stars  t  he  spectral  type  was  determined, 
divided  according  to  types  in  the  following  manner: 


B       : 

0 

.1 

1 

F       : 

9 

GO  to  G4   : 

11 

G5  to  G9 

7 

A'O  to  A"4  : 

19 

Kb  to  A 9 

0 

M          : 

1 

In  the  abrupt  raising  in  number  for  KO  —  A'4  the 
new  moving  cluster  seems  to  show  itself. 

Among  all  the  254  stars,  of  which,  however,  125 
wetc  <7"'  in  apparent  magnitude,  there  were  75  with 
determined  radial  velocity  or  spectroscopic  parallax. 
For  these  stars  it  was  possible  to  compute  their  veloci- 
ties in  the  direction  of  the  convergent  point,  and  this 
was  also  done.  Then  it  appeared  that  only  12  of  the 
75  had  a  velocity  that  within  its  allowable  margin  of 
error  reached  or  approached  60  km  see.  These  stars 
are  shown  in  Table    1. 

It  is  seen  in  the  table  that  stars  2,  3,  1.  7,  9.  10,  11  and 
12  fulfill  all  the  conditions  mentioned  above  as  nec- 
essary for  the  assumption  that  they  belong  to  a  mov- 
ing cluster.  Stars  1  and  0  may  be  considered  as 
possible  members,  owing  to  their  pronounced  sim- 
ilarities with  the  other  cluster-stars;  the  disagreement 
in  computed  velocity  may  be  due  to  a  greater  error  in 
parallax  or  proper-motion  than  that  which  is  assumed. 
The  two  remaining  stars,  5  and  8,  on  the  contrary  do 
not  show  any  resemblance  to  the  (duster-stars  or  to 
each  other:  their  velocities  to  the  convergent  point, 
as  computed  from  parallax  and  proper-motion  agree 
approximately,  but  as  we  do  not  know  if  these  velocities 
for  the  two  stars  are  their  real  velocities  and  have  no 
reason  for  assuming  it,  there  is  no  reason  to  assume 
that    they   belong   to   the  (duster. 

The  eight  safe  stars  have  been  employed  for  a  new 
and  more  careful  determination  of  the  convergent 
point  and  of  the  velocity  of  the  cluster.  The  conver- 
gent point  was  determined  by  computing  all  28  possible 
points  of  intersection  for  the  extended  proper-motions 
of  the  8  stars,  after  which  the  probable  mean  of  the 
22  points  which  fall  in  the  same  part  of  sky  was  cal- 
culated by  means  of  the  method  of  least  square.  The 
probable  mean   was  (with  mean  error): 


a  =  ()>'  F5" 
5  =   -12°., 


1       / 
=  0°.6^ 


1900) 


With  these  coordinates  of  the  convergent   point    the 
real  velocities  of  the  8  stars  were  calculated  again  and 
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TABLE 

1 

1      Nn. 

Name 

•  M'.si  i;\  |,D  .ii   ENTITIES 

COMP1  TED  (ii  Will  []  - 

No 

Adams 
and 

App. 

Vis. 

R.  A. 
1900 

Decl. 
1900 

Spec- 
trum 

Al.s. 
Vis. 

Matin. 

Mint 

Had. 

11. V 

Dist. 
from 

point 

1'  1 

\  el.  tow.  conv.  p. 

pos. 

angle 

paral- 

Diff. 

from 
paral. 

from 

rad. 
vel. 

1 
2 

3 
4 
5 
6 
7 
S 
9 
ID 
11 

2  1 
36 
180 
247 
254 
271 
313 
337 
17.1 
477 

484 

Lai.  2682 
Lai.  3987 

Mun.  11  5178 

'1771 

17026 
19330 

ir./;.iii:".MN; 

Lai.  15292 
Brad.  3077 
LaZ.  15638 

•:!h257 

M 

7.8 
7.8 

s.s 
8.3 

ii.:; 
7.7 
8.5 

s.s 
7.s 

S.2 

h        m 

1  23.6 

2  7.5 
li)  L5.7 
L3  Id.l 
13  12.D 
11  46.0 
16     1.2 
16  50.1 
2:;     1.0 
2:;    8.5 
23  13.8 
23  15.0 

•  21   13 

•  67  L3 

0  58 
l:;  38 

•  6    51 
2;;  53 

+  10  57 

S       '.I 

2   h 
|  56  37 

+  28  19 

KZ 

A  2 
Kb 
K0 
FQ 

A.". 
AD 
.1/./ 
AT. 
AT, 
A  2 
Al 

51 

•  6.0 
7.8 

1  1.7 
+6.6 
+  7.4 
+  10 
+  6.6 

|  6.6 

6.6 

+  6.8 

0.53  1  11.2 
0.56  L22.6 
(1.70  255J 
0.45  204 
0.50  254.8 
1.02  241.9 
0.50  201.0 
1.27  220. S 
0.59 
2. 0s     82.3 

0.011 

0.063 
0.030 
0.048 

0.000 
0.000 

0.171 
0.048 

km/sec 





20.4 

78.6 

0  1.1 

no.:, 
l  i:;.i 
i  i:.s 
i  18.0 
150 
105.9 
109.0 

L09.0 

121.1 

2.',  S.s 

202.7 
223 

83.9 

102.2 

-2.2 

1.2 

+4.5 

+  2.7 
-3.8 

+  1.0 

-1.1 

17 

oo.:; 
59.9 
75.8 

0  1.0 
71.4 

(.0 
02 

km  'ae< 

s.o 
10.3 

10.0 

l  l.s 

10.1 
13.5 
13.4 

11.1 

lO.T) 

S.  1 

0.7 

02 

'Mil   weights   which   stood    in   an    inverse    ratio   to 
i  llowable  errors;    i  In1   velocity  of 
i77  was  assigned  a  weighl  of   1.     The  prob- 
able   mean    of   the   velocities    was   02.4    ±2    kit 

single  radial  velocity  gave  01.7  km  sec.  As  the 
elements  of  the  apparent  motion  ol"  tin  cluster  we 
may  therefore  take: 

a  =  O1'  13m  J 

s  =      12  .:,  i  looo r 

V   =  02  km    sec. I 

Ii  lor  the  solar  motion  we  assume  the  values,  perhaps 
a  little  approximate,  a  =  IS1'  0m;    5  =  +30°;     1'  =  20 
c.    the    elements    of   the    "true"    motion    of    the 
cluster  are: 


a  =  6l   I8n 
8  =  -4°.5 

1-  =  4:;..-)  km  sec. 
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This    point    is   situated    al    a   di  11      in    17 

from  the  vertex  of  Kapteyn's  first  drift  (according 
to  the  places  of  the  vertex  given  by  Kaptf.yn1.  Edding- 
and  Stromberg3)  and  in  the  neighbourhood  of 
the  star  (3  Monocerotis;  accordingly  I  propose  tin' 
name:  The  0  Monocerotis  Stream  or  in  short:  The 
Monoceros  Stream  as  a  designation  for  this  moving 
cluster. 

With  the  new  elments  of  the  apparent  motion  ol 
the  cluster  the  computed   (plant  it  ies  given  in  Table  2 

1    1/    .V  ,  Vol.  72.  p.  74^. 

1/    A  .  Vol.  71,  p.  4. 
;  .1/-.  ./.,   Vol.  47,  [).  7. 


were  calculated.  Table  2  thus  shows  the  character- 
istics of  the  Monoceros  Stream. 

The  star  Lalande    15638  or  0  80  is  a   visual  double 
the    orbit    of    which    ii    computed    I-     Aitken. 
Since    its   parallax    is   obtained    here   it    is    possil 
compute  the  total  mass  of  the  system   1a    using  the 

a3 
formula:    m  +  mi  =    -^—-  .     The    total    mass    of    the 

system  is  then   found   to  be  0.0  0. 

As   I  jusl   remarked,  it  is  not  likely  that    Um,  and 
Joi    would   have  included  all  existing  members  o 
cluster  in  their  list.     Thai   i  -  no  new   mem- 

bers have  been  found  among  the  stais  for  which  the 
radial  velocity  is  determined,  is  ei  \  I  ml\  due  to  the 
fad  that  our  lists  of  radial  velocities  only  exceptionally 
include  stars  with  apparent  magnitudes  below  r,+ 
win  reas  the  stars  oi'  tin   cluster  see]  ally  of 

appan  tide  7M  to  9M.     On  the  other  hand  it, 

was   to    be   expected    I  li.nl    ,      ,,.,.   wou\^ 

be  found  among  the  I  10  converging  stars  with  appar- 
ent magnitude  less  than  7M  for  which  neither  the 
parallax  nor  the  radial  velocity,  nor  in  many  eases 
also  the  spectral  type,  were  determined.  Bu1  how 
i"  distinguish  them  from  the  other  stars'.'  A 
means  of  finding  at  least  possible  members  of  the 
cluster  is  given  with  the  recently  manifested  relation- 
ship of  absolute  magnitude  to  spectral  type.  II  the 
parallax  is  computed  for  a  converging  star  by  assuming 
that  the  star  moves  in  direction  of  tin-  convergent 
point  with  the  velocity  of  the  cluster,  and  il  the  absolute 
magnitude  is  computed  for  the  star,  the  absolute 
magnitude  is  given  in  this  case  as  sing], .-valued  function 
of  the  assumed    velocity.      If  it    then   appears   that    the 
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TABLE   2 


No. 

and 
Joy 

Name 

OBS    QUAN. 

COMPUTED   QUANTITIES 

App. 

vis. 
magn. 

Spec- 
trum 

Dist. 

from 
conv. 

point 

ingle                   Parallax                    Etad.  veloc 

Abs. 

vis 
magn. 

<  !omp. 

Diff. 

,,                 Diff. 
(  '"">''    |  Spectr. 

Com],. 

D.II. 

24 
36 
180 

'247 
271 
313 

17.". 
477 
is:; 
1M 

Lai.  2682 
Lai.  3987 
Mun.  II  5178 
Lai.  24774 
Lai.  27026 
Lai.  29330 
/.<//.  45292 
Brad.  3077 
A,//.  15638 

ir.s.  2 

M 

7.8 
7.8 
8.8 
8.3 
7.7 
8.5 
7.8 
5.6 
S.2 
8.5 

K3 
K2 

A0 
AT, 
A0 

a;, 
Kb 
A  2 
A'l 

78.6 
91.0 
61.2 

1  10.0 

117.8 
147.7 
10(1.2 
109.3 

10.-).:, 

108.5 

10S.  1 
121.0 
256.2 
268.5 
239.9 
263.4 
L03.8 
83.5 

nil. i; 

-2.8 
-1.6 

+  1.1 
+  4.5 
-2.0 
+  2.0 
+  1.2 
+  1.2 
-2.0 
+  0.7 

0.041 
0.043 
0.061 
0.036 

o.oss 
0.071 
0.017 
0.167 
0.041 
0.040 

0.014 
0.001 
0.002 
0.006 
0.02S 
OOl  I 
0.001 
0.000 
0.007 
0.000 

+  12.3 

-    1.1 
+  30.1 
-21.3 
-20.1 
-52.7 
-17.4 
-20.0 
-10.7 
-19.8 

.n,    si  C 

0.2 

M 

+  5.9 
+  5.9 
+  7.7 
+  6.1 
+  7.4 
+  7.S 
+  6.0 
+  6.7 
+6.3 
|  6  8 

m 

+  6.72 

Moan: 

±1.9 

0.064 

0.008 

absolute  magnitude,  so  computed,  agrees  with  that 
which  is  characteristic  of  the  spectral  type  of  the 
star  and  of  the  cluster,  then  this  is  a  sort  of  verification 
of  tho  assumption,  and  the  star  may  be  considered  as 
a  possible  member  of  the  cluster. 

The  arithmetical  mean  of  the  computed  absolute 
magnitudes  of  the  stars  in  Table  2  is  +0M.7.  and  the 
magnitudes  range  from  +5M.9  to  +7M.s.  If  a  star 
is  to  In-  considered  as  possible  member  of  the  cluster, 
according  to  the  argument  above,  its  hypothetically 
computed  absolute  magnitude  thus  must  fall  within 
this  interval.  Now.  out  of  all  the  254  converging 
stars  there  were  I",  -besides  the  stars  in  Table  2  — 
whose  spectral  type  is  determined  as  K.  Of  these, 
howevi  r.  only  .",  would  belong  to  the  cluster,  according 
to  the  arguments  above.  On  the  contrary,  of  the 
7  1  converging  faint  stars  lor  which  the  spectral  type 
is  not  determined,  there  were  20  which  showed  a 
hypothetic-ally  computed  absolute  magnitude  falling 
within  the  interval  +  5M.9  to  !  7M.S.  \moim 
20  si  -xpert  io  find  members  of  the  Mono- 

proper-mo  low 

nt    magnitudes  suggesl    th  type   A  in 

25    new    possible   mem! 

tvn  with  t  heir  observed  and 
us  in  Tab 

Finally  a  few    ■ 
stream  bution 

in    space.     The    table    (nol    published    in    I 
which  contains  a  tig  stars  having  either 

a  determined  radial  velocity  or  a  determined  spec- 
troscopic parallax — and   from  which   the    12  stars  in 


Table  1  are  collected  — favor  stars  having'  higher 
luminosity.  Consequently,  stars  of  the  spectral  types 
/•'  and  G,  if  they  belong  to  the  stream,  would  more 
probably  be  included  in  this  table  than  those  of  spectral 
type  K.  Since  now  no  such  stars  have  been  found 
there,  it  is  fairly  obvious  that  stars  of  spectral  types 
/•'  and  G  (or  in  general  stars  with  a  higher  luminosity 
than  A-dwarfs)  do  not  belong  to  the  stream.  Nor 
have  any  M-type  stars  been  found  that  are  to  lie 
considered  as  belonging  to  the  stream.  Then 
the  Monoceros  Stream  seems  to  be  well  limited  in 
spectral  type  to  stars  of  spectral  type  A'  alone. — 
On  the  other  hand,  no  limitation  of  the  distribution 
in  space  of  the  stream  has  appeared  in  the  mat'  rial 
oi  converging  stars  hitherto  employed.  Therefore 
the  two  possibilities  remain  open,  either  that  the 
stream  is  a  local  system,  such  as  e.g.,  the  Ursa  Major 
Stream  is  known  for  the  present,  or  that  the  stream 
is  passing  through  the  whole  of  Kapteyn's  first  drift. 
The  continued  investigation  of  this  star  stream  will 
perhaps  thri  n  this  last  question. 

2     The  61-(  am  Replaced  by  Three   Mov- 

[NG  ' 

nation  in  spectral  type  that  appeared 

ding 

know  n     -  no  analogy   in  a 

moving  cluster,  which  in  other  respects  is  very  similar 

to  the  Ma,  earn,  namely  the  6 1-Cygni  Si 

This  stream  shows  quite  a  contrary  appearance,  as  it 

j   includes    stars    of    nearly    all    spectral    types.      It     was. 
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NT 


TABLE   :; 


van    Mauiirii 

or 

Innes 


'  ED   Ql    VNTITIES 


\|.p. 


R.  A. 
1900 


L900 


Spec- 
trum 


Prop. 

unit. 
ann. 


Pos. 
angle 


COMPUTED   Ql  A.NTITIES 


it.  in 
point 


Diff. 


Paral- 
lax 


Rad. 
vel. 


Kbe 


\  M.  33 
vM.  11 

\  M.  US 
v.M.  1(11 

\  M.  is:, 

I.  279 

vM.  256 

v.M.  264 
1 .  387 
1.  416 
vM.  300 
\  M.  :;i  1 
1.  564 
1.  578 
vM.  1=52 
1.  649 
vM.  Kid 
vM.  40S 
vM.  493 
vM.  514 
v.\I.  527 


cP. St. St.  ;;;,'.» 
W.B.  L>>356 
A.G.Hels.  2069 
Groom.  745 
A.G.Berl.B  1366 
Furuhj.  -1.") 
Lai.  L8397 
Furuhj.  290 


Furuhj.  972 
C.P.ZX-37  5339 
W.B.  L2h920 


C.d.C.+25  12937 
/.i//.  27155 


Lac.  8733 

/,</    li:;is 
Mun.  I  31343 
.!.':.(  am.  8232 
B.D.+45  1378 


9.1 

0.1 
8.6 
8.2 
8.9 
9.3 
7.5 
9.4 
(l.l 
hi.:, 

7.0 
8.5 
8.2 

s.i 
it.:, 
s..-) 

0.0 

S.I 

7.2 

S.7 
7.3 
8.5 
9.4 
7.0 
9.2 


ii 
1 

1  10 

2  11 

3  Is 
1    s 

0 

0  10 
10  1 
10  23 

1  1    7)0 

1 2  38 
12  50 
12  7.0 
L3  27 
1  I  2:i 
1  1  49 
17  35 
is  5 
20  38 

20  43 

21  10 

21  12 

22  33 

23  21 
23  7,:: 


7,1 

+  17 

!  77, 
+  22 
I  i:i 
i  HI 
+  10 
2] 

37 

-    7 
-26 

70 
24 

-i  2:i 

10 

1:; 

+  75 

-20 

-01 

0 

+   2 

+  52 

+  40 


K 
K 

hi) 
K 


K  7/i 


0.50 
0.07 
0,11 
0.04 
0.51 
(1.27 
0.55 
0.20 
0.31 
0.32 
0.00 

0.5  1 
0.52 
0.7,1 
0.50 
0.75 
".15 
0.1S 
(1.0  I 
0,17 
0.G7 
0,14 
(1.55 
1.50 
0.53 


92.1 

100.0 
120.0 

1  I  1.0 
UIO.O 
220.0 
22:;. 5 

2  1 2 
200.0 
255.0 
27,0.0 
250.0 
210 
210 
27:>.  1 
275.0 
100 
180 

33 
12S.  7 

i:;i 

112,1 
00.5 
90.6 

0:;.  I 


o 

72.0 

01.0 

7S.0 

107.3 

S1.0 

121.5 

01.0 

1  11. s 

10.1 

L35.6 

68.7 

225.7 

07.':' 

220.0 

78.0 

237.0 

oo.l 

207.  1 

S5.7 

27.7.0 

S7.1 

27,0.2 

os.s 

256.0 

93.8 

254.0 

ss.o 

247.7 

12  1.0 

272.2 

130.0 

273.0 

120.5 

101.3 

123.0 

1S2.1 

114.2 

30.1 

130.2 

L28.9 

os.i) 

150.3 

133.0 

107.5 

11  1.0 

102.0 

107.S 

92.5 

102.3 

05.2 

0.5 
I  1.3 
I  (1.0 
I  0.2 
I  1.7 
!  5.7 

5.0 
+  1.4 
+  2.0 

±0.0 

'  5.(1 
+  1.7 

-0.0 

1.1 

+  1.3 
+  2.4 
+6.4 
+  0.2 
5.3 
-4.9 
+  3,1 
1.0 
I  l.s 


0.010 
0.052 
0.051 
0.0  10 

0.0  I 

0.022 
0.0  15 
(1.020 
0.027 
0.025 

0.05:; 

0.012 
0.010 

0.039 

0(' 10 
0.070 

0.043 

0.01 1 

0.07  1 
0.047 
0.07,2 
0.046 
0.046 
0.12s 
0.011 


L8.5 

I  12.5 
+  5.5 
-    1.1 

I    13.0 

+  12.0 
!  30.9 


f      1.5 

+   2.8 

9.5 

-  4.1 
+  1.5 
-35.2 
-40.3 

36.9 
-34.7 

-  25.4 
10.0 

-  8.4 
-42.8 
-25.S 

-  L9.0 
-13.2 


+  7.1 
+  7.7 
I  0.1 
6  7 
+  7.0 
+  0.0 

.,  (i 
i  6.3 
1-7.5 
I  6.5 
I  6.6 
i  6.2 
I  0.1 
+  7.9 
+  7.9 
+7.2 
I  0,1 
+  5.9 
+  7.1 
+  0.0 
I  6.9 
+  7.8 
+  7.6 
+  7.3 


however,  aboul  ten  years  ago  thai  this  star  stream 
was  found  and  examined  l>\  B.  Boss'  and  Russell2, 
and  since  that  time  new  determinations  of  spectral 
radial    veloi  ity,   and    parallax    ha\  1 

for  -tars  belonging  to  the61-<  'ygni  Strt  am.  These 
new  determinations  might  perhaps  change  the  char- 
acter of  the  stream  a  little,  and  in  order  to  inquire 
into  (liis  I  undertook  a  comparison  between  the  radial 
velocities  and  parallaxes  computed  by  Boss  and 
the  new  observations  for  such  membei  tream 

also  of  the  less  defined  str  it        e   Table   V 

in  Boss'  second  paper)  thai  were  received  in  our  latesl 
catalogues  of  radial  velocities,  and  spectroscopic 
parallaxes.  This  showed,  however,  in  many  cases 
such  greal  differences  thai  it  was  evident  thai  a  new 
tion  of  stars  belonging  to  Hie  stream   ,vould 

carried  out  and  a  new  computation  of  I  he  velocity 

'  ,   No.  629,  ami  «,:;:i_34. 

-  .1.  J  .  No.  6 


of  the  stream  performed  before  the  true  character 
of  the  stream  could  lie  seen.  The  new  selection  was 
made  in  1  he  following  manner: 

All  the  stars  in  Boss'  and  Russell's  tables  that 
had  determined  radial  velocities  or  spectroscopic 
parallaxes  a  total  of  II  were  put  together  in  a 
list,  ami  their  velocities  towards  the  convergenl  point 
computed  both  from  (lie  radial  velocity  and, 
where  possible,  from  the  spectroscopic  parallax.  Such 
velocitii  a-  were  derived  by  means  of  the  radial 
velocity  for  stars  lying  aboul  00  from  the  convergenl 
point  were  left  out  of  account,  because  they  musl  be 
considered  illusory.  Those  stars  were  then  crossed 
out  from  the  list  thai  proved  in  reality  not  to  go 
towards  the  convergenl  point  owing  to  reversed  sign 
of  tic  radial  velocity  or  to  too  ureal  disagreement 
11  the  velocity,  computed  from  the  radial 
velocity,  and  thai  computed  from  the  spectroscopic 
parallax.     The  remaining  stars  -    total  27  -    were  put 
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7S2 


T  M'.I.K    4 


No 


No. 

BOSS 

/'    G    C. 


Xo. 
Adams 

and 
.l,,v 


Velocity 
tow.  conv.  point 


Spectrum 


from 
parallax 


fiom 
rad    vel. 


Assumed 


Abs.  vis. 
magn. 


8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
1!) 

20 

21 

22 
23 
24 
25 
26 
27 


5559 
3508 
2161 
3940 

;,7  Mi 

3 

8 1 2 

3383 
372 
629 
631 

3558 
1486 

2943 

144d 


2657 
3095 

5433    I 
1857 
5654 
5977 
927 


I 


449 


298 
162 
2  3 


239 


255 


434 

107 


21 
500 


427 
137  8 


478 
(54 


24  .1  quarii 
c  Virginis 
Pi.  7  321 
p1  Cor.  Bor. 
3  1  Pegasi 
Brad.  3210™ 
«  Reticular; 
Groom.  884 
t  Virg't  nis 
Pi.  1  12 
ix  Ceti 
Brad.  390 

T    III  II  it  IS 

Lai.  2106 
Groom.  3357 
51  Leo  Mm. 
i7  Mensae 
Lai.  2450 
Pi.  23h  267 

/.-//.  4059 

66  G.  (  i  iiln an 

Lai.  39866 
61  Cygni 
Lai.  2673 
e  Zndi 
La/.  47)4.").") 
La/.  7443 


.12 

Kb 

F2p 

F5 

G4 

F5 

/•"s 

G6 

F8 

.15 

/•':, 

F6 

A' 

A7 

/'5 

G5 

GO 

GO 

A" 

(,' 

K5 

A  7 
A2 

a:» 

FA 
AO 


33.5 


34.3 
37 

4(1.1 


43 


46 


50 

80.4 


83 

84 


98.2 
107 


143 
310 


6 


24 
31.3 
34.4 
37.2 


40.9 
42.2 

(10,4) 
45.1 
52 
53.3 

5S.7 
5S.S 
5!) 

S2.5 


88.2 

08.1 

100.1 

100.2 

107.5 

50.4 
50.4 
50.4 
50.4 
50.4 
50.1 
82.5 
82.5 
82.5 

S2.5 
101.5 

S2.5 
101.5 
101.5 
101.5 
101.5 
101.5 


+  4.3 

+  1.5 
+  2.1 
+  2.0 
+  3.1 
+4.3 
+  4.5 
+  4.8 
+  5.7 
+  4.5 
+0.9 
+  0.5 
+  4.8 
+  4.5 
+  7.8 
+  8.1 
+  0.5 
+  6.6 


8 


together  in  a  new  list  and  were  arranged  according 
to  the  increase  in  the  velocity  computed  from  the 
radial  velocity.     This  list  is  shown  in  Table  4. 

As  is  seen  by  a  glance  at  the  table  there  appear  three 
well  marked  groups  of  velocities  in  column  7,  namely: 
52  to  50.  82.5  (80.4  to  M  in  column  0)  and  OS.  I  to 
11)7.5  km  sec.  Further,  each  such  group  Minis  to  be 
characterized  by  a  special  interval  of  spectral  type, 
namely  F5  to  F8,  F5  to  '.'5  and  A0  to  Kl  respectively. 
Mm!  the  differences  of  the  computed  velocities  of  the 
stars  in  each  group  (the  star  Xo.  10  is  here  included 
in  group  1)  is  not  greater  than  the  allowable  errors, 
some  stars   in   each   group  fulfill   the  conditions   men- 


tion! d  above  which  entitle  us  to  assume  that  they 
form  a  part  of  a  moving  (duster.  If  the  arithmetical 
mean  of  the  velocities  of  the  stars  in  each  group  is 
taken  as  common  velocity,  the  three  clusters  obtain 
the  following  characteristics: 


Cluster 

1  F-star  cluster 

2  G-star  cluster 

3  A-star  cluster 


Star's  No. 
rable  I 


Vel. 

Km. 


Mean 
Abs.  Mag. 


10.  12,  13,  15  56.5  +3M.0 
10.  17,  18,  10  S2.5  +4M.9 
22,  23,  (24),  25    103.0    +7M.4(  +  5.8) 


The   question    now    arises    whether    the    other   stars   in 
and    around    the    group    also    belong    to    these    moving 
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is.  Each  star  may  be  considered  separately. 
If  star  II  belongs  to  cluster  1.  its  absolute  magnitude 
tor  the  velocity  56.5  km  sec  becomes  +3M.l  (column 
9)  which  lies  within  that  range  of  absolute  magnitude 
where  Adams  ami  Joy1  have  found  scarcely  a  single 
star  of  the  type  A".  It'  the  -tar  belonged  to  the  cluster, 
it  would  thus  he  a  very  uncommon  exception  among 
:irs  in  general,  aid,  since  then  ar  no  i  isons 
for  such  an  assumption  —  especially  as  there  is  great 
possibility  that  stars  appear  here  which  do  not  in 
reality  move  towards  the  convergent  point  — the 
star  probably  does  not  belong  to  the  (duster.  Star 
X...  21  may  probably  belong  to  (duster  2.  Stars 
20  and  24  obtain,  under  the  assumption  thai 
belong  to  cluster  3  (or  cluster  2),  parallaxes.  It". (112 
and  0".012  respectively,  which  deviate  so  much  from 
the  mean  parallax  of  the  cluster  —  0". 207  —that  the 
assumption  seems  to  be  improbable.  Star  24  would 
in  addition  show  a  difference  in  computed  -  observed 
radial  velocity  of  10  km/sec,  which  is  much  too 
great.  Lastly  there  is  star  11.  If  this  -tar  belongs 
to  the  (duster  1.  its  absoluti  magnitude  Incomes 
+  1  "..:>,  which  according  to  Kapteyn2  is  certainly 
not  common  for  the  spectral  type  .!•">  bul  which 
would  be  found  in  any  case.  With  the  exception  of 
the  velocity,  the  -tar  shows  no  similarity  to  any 
of  the  cluster-stars,  and  therefore  its  possible  member- 
ship is  to  l»e  considered  very  doubtful  —  the  question 
as  to  it  may.  however,  be  left  open.  If  in  addition 
to  these  stars  two  other  -tars:  Lalande  7.">()7  and  Lalande 
8519,  taken  from  Boss'  Table  111  in  .1../.,  No.  633- 
34,  are  included  in  (duster  1.  and  a  star:  Pi.  5  from 
the  same  table  is  included  in  cluster  2  —  for  the  same 
reason  as  the  stars  in  Table  3  were  included  in  the 
Monoceros  Stream-  the  three  clusters  gel  the  appear- 
ance shown  in  Table  5.  With  regard  to  the  third 
cluster  it  is  certainly  not  correct  to  assume  the  exist- 
ence of  a  (duster  from  only  three  stars.  But  since 
the  three  stars  in  the  K+tar  (duster  show  together 
several  features,  characteristic  for  moving  (dusters 
of  the  kind  examined  here,  and  since  the  very  low 
luminosity  but  probably  great  dispersion  of  the  stars 
in  a  (duster  here  in  question  make  the  stars  very 
difficull  to  find,  we  may  I  e  allowed  to  speai  of  a 
hypol  helical    (duster. 

A.s  the  spectroscopic  parallaxes  here  are  not  tin 
basis  in  any  case  lor  the  computation  of  the  cluster 
velocities  (but  only  the  observed  radial  veloci 
the  close  agreemenl  between  the  computed  and  the 
observed  spectroscopic  parallaxes  deserves  especial 
attention,  as  it   is  not  only  a  means  of  verifying  the 

!  Loc.  ni.,  p.  ;;:; t. 

-  A  p.  ./.,  Vol.    17,  p.  262. 


adopted  velocities  of  the  (dusters  but  also  a  proof  of 
the  great  reliability  of  Adams'  and  Joy'-  spectroscopic 
parallaxes. 

The  apparent  convergent  point  of  the  Ql-Cygni 
i  is.  according  to  Boss1,  a  =  6h37m;  5=  +(>.."> 
(1875)  or  a  =  6h39m;  5=+0°.5  (1900).  But  from  the 
mean  differences  in  calculated  —  observed  position- 
angle  in  Table  o  it  is  seen  that  the  three  clusters  have 
not  an  identical  apparent  convergent  point;  for  the 
present,  however,  until  more  members  of  the  clusters 
arc  found,  the  point  o  =  6h  31)'":  6=  +0  .5  may  be  taken 
to  be  the  apparent  convergent  point  for  each  cluster. 
Corrected  for  the  solar  motion  the  true  convergent 
points  of  the  clusters  will  then  be  those  given  in  Table 
6.  For  the  computation  of  the  galactic  coordinates 
the  value:  a=12h42m.4;  5= +27°. 2  (1900)  is  adopted 
for  the  pole  of  the  galactic  plane. 


TABLE    6 


R.A 


Decl. 


;. 


i 


Vel. 


ceros  strt  am 
/•'—tar  cluster 
G-star  cluster 
A"-star  cluster 


U       ra  °  o 

6    IS  -   4.5  L81.1  -7.5  43 

6  53  +14  168.5  +8.5  40 

6    17  +  9  172.3  +5.0  66 

6  4.")  +   7  173.8  +3.5  86 


Mean: 


173.11 


The  true  convergent  points  of  the  four  clusters 
just  mentioned  all  fall  on  a  slightly  curved  line  al 
the  lift  side  of  the  vertex  for  Kaptevx's  first  drift 
(as  determined  by  the  authors  mentioned  above); 
their  distances  from  the  vertex  range  from  aboul  8 
to  about  1.").  As  the  pencil  of  proper-motion  rays 
to  the  vertex  from  stars  belonging  to  the  iir-t  drift 
would  be  of  tin-  diameter,  the  four  (duster-  are  very 
probably  in  some  connection  with  the  great  drift. 
It  is  seen  that  the  velocity  of  a  cluster  is  greater  the 
nearer  its  convergent  point  is  to  the  galactic  plane, 
which  is  in  agreement  with  Stromberg's2  indication 
thai  there  is  a  maximum  of  space  velocity  in  the 
galactic  plane.  The  mean  galactic  longitude  of  the 
lour  (dusters  i-  aboul  '.111  from  the  galactic  longitude 
(259  ±=6°)  that  Stromberg  has  found  for  the  sym- 
metrical plane  (perpendicular  to  the  galactic  plane) 
of  his  velocity-curves. 
1  .1.  ./..  X.i.  629,  p,  :w. 
-  .!/».  J.,  Vol.  47,  p.  34. 
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3  A  Correlation  between  Spectral  Type, 
Absolute  Magnitude,  lnd  Velocity  for  the 
Moving  Clusters  of  the  Kind  Examined 
Here. 


In  the  case  of  the  four  moving  clusters  examined 
here,    there    has    been    a    pronounced    tendency    that 

stars   with   the  same   velocity   should   b< ly   of   the 

same  spectral  type,  and,  further,  thai  the  higher  the 
velocity  of  a  cluster,  the  later  should  be  the  spectral 
type  of  its  stai's,  and  the  lower  their  intrinsic  lum- 
inosity. In  order  to  investigate  how  the  Ursa  Major 
Stream  and  the  Taurus  cluster  stand  in  regard  to  this 
relationship  1  also  undertook  to  examine  them  in 
this  respect.  In  the  examination  of  the  Ursa  Major 
im  1  made  use  of  Bottlinger's1  investigation 
into  the  membership  of  this  star  stream.  Bottling]  r 
in  his  discussion  allowed  for  Boss'  proper-motions  and 
Campbell's  radial  velocities.  He  accepts  16  stars  as 
members  of  the  stream,  of  which  11  are  of  the  spectral 
type  A,  1  of  type  F  (37  Urs.  Maj.),  and  I  of  type 
,  Bootis).  The  (?5-type  star,  however,  is  cer- 
tainly not  a  member  of  the  stream.  Its  computed 
parallax  would  in  that  case  be  0".044  bu1  the  one 
spectroscopically  observed  by  Adams  and  Joy  is 
0".145  (and  0".158  for  the  second  component)  and 
the  one  trigonometrically  observed  by  Mitchell2 
is  0".23O.  Further,  its  absolute  magnitude  is  for 
7r  =  0".044    :    +3M.0,  which   is  quite  uncommon   for  a 

-  oi  type  (?5  on  the  other  hand,  7r  =  0".15  gives 
the  standard  value  +.VM.7.  Lastly,  the  disagreement 
in  computed  —  observed  radial  velocity  is  as  much 
as  7..")  km    s<  c. 

If  now  the  criteria  for  membership  of  moving  clusters 
is  applied  to  the  /''-type  star,  this  star  will  be  found 
not  to  be  a  member  of  the  Ursa-Major  Si:, am  either. 
It  shows  no  similarity  to  the  stars  of  the  stream  <  xcepl 
an  approximate  agreement  in  the  direction  of  the 
motion  and  a  possible  agreement  in  velocity,  but 
agreements  alone  are  noi  sufficient  for  an  assump- 
tion that  the  star  belongs  to  the  stream. 

The  examination  ol  the  Taurus  clustei  indicated 
thai  this  moving  cluster  is  of  quite  another  kind 
than  the  preceding  moving  clusters  The  fundami 
difference  seems  to  be  that  the  stars  in  the  Taurus 
cluster  are  concentred  within  a  small  part  of  space 
in  comparison  with  their  number  —  and  are  probably 
subordinated  to  the  gravitional  force  from  the  whole 
cluster,   but    in   the   Monoceros  Si,,, mi   or   m  the   Ursa 

I     V  ,  4738,  (1914  , 

I  ol.  25,  i'.  ■!■'■■ 


Major  Stream,  for  instance,  the  -tars  are  completely 
separated  from  each  other  and  cannoi  influence  one 
another  with  their  gravitional  forces.  Within  the 
limits  of  a  moving  cluster  of  the  former  kind  the 
percentage  of  stars  that  do  not  belong  to  the  cluster 
is  very  small;  within  the  moving  clusters  of  the  latter 
kind    it    is   just    the    opposite.     In    order    to    make    a 

distinction    between    the    two    kinds    111    the    terminology 

I  here  use  the  name  star-stream  for  moving  cluster  of 
the  latter  kind  anil  for  those  alone  the  great  star 
Streams  of    KAPTEYN   are  called   drifts. 

The  examination  of  the  Taurus  cluster  in  respect 
to  the  correlation  between  velocity  ami  spectral  type 
showed  that  no  difference  in  velocity  for  -tars  of 
different  spectral  types  can  be  shown  with  probability. 
As  a  matter  of  fact  the  F-type  stars  show  some  larger 
proper-motions  than  the  A-type  >tars,  and  they  have 
consequently     obtained     greater     parallaxes.     If     the 

mean  parallax  of  the  /''-type  stars  (0".027)  is  put 
equal  to  the  mean  parallax  of  the  ,1-slars  (0".025), 
the  former  should  move  3.3  km  sec  more  rapidly 
towards  the  convergent  point,  but  since  that  is  based 
on  a  difference  of  It". ()()•_'  in  parallax  it  must  be  consid- 
ered as  illusory.  It  is  perhaps  more  to  be  expected 
thai    the   motions   of   the   stai's   around   a    center   in    the 

cluster,  as  indicated  by  .Ihiinsox  O'Connor1,  should 
show  a  dependence  upon  spectral  type.  Bui  no 
such  dependence  can  be  shown  in  the  material  available 
at    present. 

For  the  star-streams,  however,  there  seems  to  be 
now  without  exception  that  In  u  given  velocity  there 
corresponds   always   only   one   strongly   limited    interval 

of  spectral  type.  As,  in  addition,  the  velocity  seems 
to  be  generally  greater  the  later  the  spectral  type  is, 
this  fact  is  in  agreement  with  the  correlation  between 
velocity  and  spectral  type  which  has  during  the  [as1 
few  years  been  demonstrated  for  the  stars  iii  common 
fb\  Campbell2,  Kapteyn3,  Perrine4,  Stromberg8, 
and  others).  The  star  streams  thus  form  no  exception 
to  this  general  law  for  stellar  movements  in  our  local 
stellar  system. 


'.lorry,  I  'psala, 

I/,/,/.  19  '0 


1    ./.,  No.  669,   Vol    _>s. 
hick  Obs    Bull.,  196. 

Vol.  31,  p.  258. 
.1/-.  ./..  Vol.   12,  p.  315  and  ibid.  V. 


Hi,  p.  266. 


.1/..  ./.,  Vol    45,   p.  293  and  ibid.   Vol.    17,   p. 
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+  2.11  -11.7 

/ 

in 

Jan.    28.      Est,    10m.     Jan.    20.     Est.    10'". 2.      Feb.    26.     Clouds.     Moonlight.     Alar.  2.     Brighl   moon- 

light.    .Mar.  IS.     Thick  haze.     Poor! observation. 

('iimp.:  «/  =  direct  micrometer  measures. 


Mean  Places  of  Comparison  Stars  for  1920.0 


* 

3 

Ami 

1 

ll          111         s 

7  48     2.70 

1   49   23.0 

Astr.  Par.    1-21.07  is 

105 

2 

7    10  40.04 

+  20  46     4.1 

\  10    .  comp.  with  3.  1020  Apr.  0. 
(Aa            o    o  .07.  A6  =   -4'  15' 

.0,   1020.0 

:; 

7  46    13.57 

0   50    10.1 

Astr.  Par.  +21.0748 

171 

J 

7   34   27.10 

■  10  27  38.9 

\<  omp.  with  5,  1020  Apr.  10, 
(Sa  =     -1-'  17-. 0.1,  So  =   -5'(V 

.7.  1020.0 

5 

7  :^  44.20 

9  32  3,0.0 

.1.  G.  Berlin  .1 

2003 

0 

7  32      1.83 

+  10      0   31.7 

A.  G.  Berl 

2033 

7 

7   24   54.22 

)   17   51    35.4 

Astr.  Bor.  +17.0721 

110 

s 

7   23   32.7  1 

1  1    25.2 

Bor.  +17.0724 

75 

7  2:; 

+  10  37   27.1 

|    1                    |   17.072  1 
2  )  A  ttr.  Bor.    f- 10.0720 

271 
107 

10 

7  21  39.85 

+  15  47    12.7 

Bor.  +16.0720 

538 

V.  -v  D    ('., 
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VARIATION   OF   LATITUDE  OBSERVATIONS   AT    U.S.    NAVAL  OBSERVATORY, 

101.5.9-    1920.0, 

By   F.    15.    LITTELL. 
i  Communicated  by  Hear  Admiral  .1.  A.  Hoogew  erff,  I'.  S.  Navy,  Superintendent.] 


Ill  1915  the  photographic  zenith  tube  devised  by 
Dr.  F.  E.  Ross  and  used  by  him  at  Gaithersburg, 
Maryland,  from  June  Kill  to  October  i'.Ml  (see 
Special  Publication  No.  27.  U.S.  Toast  and  Geodetic 
Survey)  was  removed  to  the  U.S.  Naval  Observatory, 
Washington,  I).  ('.  A  new  sheet  iron  louverwork 
building  with  removable  roof  was  erected  tor  it  and 
it  was  installed,  and  observations  were  begun  with 
it  in  October  1(115.  Since  thin  observations  have 
bein  made  continuously.  The  observers  have  been 
I.  1'..  I.i  ttki.l,  '. ;.  A.  Hill  and  W.A.  Conrad.  Nearly 
ites  were  measured  by  the  writer;  a  few- 
wen    measured  by  Mr.  Conrad. 

The  program  consists  of  s  groups  of  S  stars  each, 
with  a  lew  additional  stars  lor  scale  value,  all  the 
being  within  about  Id'  of  the  zenith.  The 
magnitudes  of  the  stars  range  from  3.0  to  8.5.  Screens 
are  used  to  reduce  the  magnitudes  of  the  brighter 
stars.  Two  groups  of  stars  are  on  the  program  for 
each  night  following  the  usual  polygon  method. 

.The  scale  value  has  been  corrected  by  the  results 
of  the  observations,  and  a  temperature  coefficient 
has  been  determined  although  it  was  not  used  in 
the  reductions,  its  effect  being  negligible. 

The  probable  error  of  a  latitude  from  a  single  star 
as  derived  from  the  residuals  from  the  means  on  the 
nights  when  complete  groups  were  observed  was 
as  follows  for  each  year. 

Probable  Error  of  One  «)useevation 

No.  i  Prob.  Error 


=0.086 
.093 

.('Mi 

.ii'.i:; 
0.089 


1916 

TOO 

1917 

640 

1918 

832 

L919 

904 

Mean 

A  few  ni  the  nights  have  residuals  that  are  evidently 
abnormal.  If  these  nights,  lour  in  number,  be  omitted 
from  consideration  the  average  probable  error  is 
=*=0".086.  The  nights  have  been  weighted  accord- 
ing to  the  number  of  stars  observed  as  follows:  1  to 
1  observations,  weight  l;  5  to  8  observations,  weighl 
2;  '.)  to  l'_'  observations,  weight  :i;  b!  or  more  observa- 
tions, weight  4.  About  three  fourths  of  the  nights 
have  a    weight    of    I- 

The  results  for  the  separate  nights  were  meat 
in  overlapping  groups,  'JO  to  the  year,  an. I  a  curvi  :i 
drawn  to  represent  the  variation  of  latitude.  The 
probable  error  of  a  latitude  lor  a  single  nigh!  of  weight 
4,  as  deduced  from  the  residuals  from  the  plotted 
curve,  is  ±0".030.  The  probable  error  of  a  night 
of  weighl  I  deduced  from  the  probable  error  of  a 
single  observation  is  ±0".024.  Assuming  the  differ- 
ence to  be  due  to  Mime  kind  of  error  which  is  per- 
sistent lor  a  night  but  different  on  different  nights. 
the  maximum  value  to  be  assigned  to  the  probable 
error  due  (his  source  of  error  is  ->(>". (IIS.  Some 
pait  of  this,  however,  must  be  assigned  to  the  error 
of  the  curve,  so  that  it  is  probably  safe  to  say  that 
the  probable  error  due  to  night  error  does  not  exceed 
±0".015. 

From  I  lie  closing  errors  the  following  values  of  the 
aberration  constant    have  been  deduced. 


1916 

20.440 

111  17 

20.476 

1918 

20.41)7 

11)1!) 

20.413 

Mean 

20.454    ±0".008 

Washington  and  Greenwich  are  favorably  situated 
for  determining  the  motion  of  the  pole  and  a  graphical 
representation  of  the  path  of  the  pole  has  been  made 

(123) 
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by  combining  these  results  with  the  photographic 
results  obtained  at  Greenwich  for  the  same  period 
as  published  in  the  Monthly  Notices  of  the  Royal 
Astronomical  Society,  Vol.  LXXIX,  No.  8. 

The  Kimura  or  z  term  has  been  deduced  by  de- 
ducting the  .r.  y  terms  as  determined  by  the  inter- 
national variation  of  latitude  service  for  the  years 
L916  and  1917,  the  only  ones  for  which  the  results 
were  available.  The  following  values  of  z  were 
obtained,  agreeing  fairly  well  in  phase  and  amplitude 
with  the  values  obtained  from  the  work  of  the  inter- 
nal ional  stations. 


Kimura  oh 

Z  Ti 

RM 

1916.0 

+  0.05 

191' 

.0 

+  0.03 

.1 

+ 

.03 

.1 

.00 

.2 

- 

.04 

.2 

-    .05 

.3 

- 

.05 

.3 

-    .07 

.4 

- 

.06 

.4 

-    .10 

.5 

- 

.02 

.5 

-    .07 

.0 

+ 

.03 

.6 

-    .01 

.7 

+ 

.05 

.7 

+   .01 

.8 

+ 

.05 

.8 

+   .02 

.«.» 

+ 

.05 

.9 

+    .05 

1917.0 

+ 

.03 

1918.0 

+    .05 

The  question  as  to  whether  there  is  an  anomalous 
refraction  at  the  zenith  due  to  the  formation  of  an 
air  prism  over  the  place  of  observation,  the  effed 
of  which  would  vary  with  the  direction  and  intensity 
of  the  barometric  gradient  has  been  investigated 
with  special  reference  to  the  possibility  of  obtaining 
an  explanation  of  the  :  term.  The  barometric  gradient 
was  found  from  the  data  on  the  prediction  maps  of 
the  1".  S.  Weather  Bureau  for  each  night  of  observa- 
tion in  1916  anil  1917.  By  assuming  that  the  devia- 
tions of  the  latitudes  for  the  individual  nights  from 
l  lie  general  curve  are  due  to  the  barometric  gradient 
a  correction  of  —  0".0014  ±0".0009  for  a  gradient  of 
+  0.0001    inch    per    mile    has    been    deduced.     By    a 


P.»k.f  Rl«  .111- 1 -.Ilea  fr„»n.l.?T»^,<0ki. 


M   <ri  W.,k. „,;(.. 


slightly  different  treatment  of  the  observations  so 
as  to  eliminate  the  effect  of  the  errors  of  the  curve 
of  comparison,  and  with  the  inclusion  of  some  addi- 
tional material,  the  value  of  the  correction  obtained 
was  -0".0008  ±0".0012  for  a  gradient  of  +0.0001 
inch  per  mile.  As  the  barometric  gradients  for  the 
single  nights  range  only  from  +0.0008  to  -0.0005 
inch  per  mile,  and  as  the  mean  gradients  correspond- 
ing to  the  mean  latitudes  used  for  the  formation  of 
the  latitude  curve  range  only  from  +0.00028  to 
+  0.00001  inch  per  mile,  it  is  obvious  that  the  cor- 
rection found  above  is  negligible  and  is  entirely  in- 
sufficient to  account  for  either  the  ,:  term  or  for  dis- 
cordances on  single  nights. 

The  following  table  gives  for  each  observing  night 
the  initial  of  the  observer,  the  number  of  stars  observed, 
the  resulting . observed  latitude,  and  the  correction 
to  reduce  the  observed  latitude  to  that  given  by  the 
adopted  curve. 


Observed  Latitudes  of  the 

Photographic  Zenith  Tube 

Date 

Obsr. 

No. 
Obs. 

Ob'd  Lat. 

V 

Date 

Obsr. 

No. 
Obs. 

Ob'd  Lat. 

V 

+38°  55'  16".00+ 

+38°  55'  16".( 

0  + 

191& 

« 

11 

I9ir, 

n 

n 

Oct.    27.5 

L 

11 

0.82 

-0.03 

Nov.     1.5 

L 

9 

0.78 

+  0.01 

28.5 

H 

7 

.76 

+   .03 

2.1 

H 

7 

.74 

+   .05 

2'.  1.5 

L 

9 

.74 

+    .05 

3.5 

L 

10 

.82 

-    .03 

30.5 

H 

6 

.89 

-    .10 

5.5 

L 

10 

.79 

.00 

N"    7s:; 


T  II  E     AST  R  ()  NO  M  I  CA  L     JO  I"  R  N  A  I. 


125 


]  late 

Obsr. 

No. 
Obs. 

Ob'd    l.:lt. 

Date 

Obsr. 

No. 
Obs 

Ob'd  Lat. 

V 

;.s  .-..v  it;    mi 

+:tS°  55'  16".00+ 

1916 

» 

■ 

1816 

„ 

„ 

Nov.     6.4 

H 

4 

0.78 

+  0.01 

Apr.   '.'0.(1 

II 

s 

01.17 

-0.01 

9.5 

II 

9 

.77 

+   .02 

23.5 

I. 

1(1 

1.1(1 

■f  .01 

li)..-) 

L 

10 

.74 

+   .06 

20.5 

11 

15 

1.22 

.01 

11. -1 

H 

4 

.78 

+   .02 

30.5 

I. 

1(1 

1.10 

-     .01 

16.4 

H 

1(1 

.71 

+   .09 

May     3.4 

1. 

11 

1.30 

.11 

17.4 

L 

9 

.(15 

L5 

(1.5 

11 

0 

Lis 

+    .01 

20.4 

H 

4 

.so 

-+    .01 

7.5 

I, 

hi 

1.1:1 

+    .0(1 

24.5 

L 

5 

.68 

+   .13 

9.5 

II 

12 

1.14 

+    .0(1 

27.6 

H 

12 

.85 

.03 

10.5 

1. 

11 

1.25 

.05 

30.5 

H 

11 

.s:> 

-   .03 

17.5 

I. 

12 

1.17 

+    .04 

Dec.     6.5 

L 

13 

.83 

.00 

is.l 

II 

1 

1.15 

-    .23 

L0.5 

L 

9 

.85 

.01 

10.5 

L 

12 

1.21 

-     .02 

14.4 

H 

6 

.84 

+    .01 

26.4 

L 

(1 

1.20 

+   .03 

15.4 

.    L 

6 

.83 

+   .02 

31.5 

L 

1  1 

1.2:i 

+    .01 

L8.4 

H 

8 

1.00 

-    .14 

.111  lie        1.6 

H 

1(1 

1.17 

t    .07 

21.4 

H 

I 

.87 

-     .01 

3.6 

II 

3 

1.2s 

-     .01 

22.5 

L 

14 

,90 

.01 

5.(1 

L 

hi 

1.2(1 

-   .01 

23.5 

H 

13 

.90 

-  .0:5 

U1.5 

H 

15 

1.31 

-    .05 

24.4 

L 

15 

.si 

+  .03 

22.5 

II 

1 1 

1.28 

.02 

m     27.4 

L 

9 

.88 

-   .01 

2:;. 5 

L 

1(1 

1.21 

-f    .02 

Jan.      3.4 

H 

10 

98 

-    .00 

2(1.5 

II 

1 1 

1.2(1 

+    .01 

7.4 

I. 

13 

.82 

+   .07 

20.5 

II 

s 

l.:i(l 

.03 

s.l 

H 

13 

.86 

+  .03 

Julj       1.5 

L 

15 

1.27 

.00 

1  t.5 

L 

12 

.88 

+  .02 

6.5 

II 

111 

1.2(1 

1    .01 

20.5 

H 

12 

.92 

-  .01 

7.1 

L 

7 

1.32 

-    .05 

25.4 

H 

6 

.95 

-  .0:; 

i  !.5 

1  II 

is 

1.27 

-    .01 

Feb.     9.4 

L 

13 

.94 

+  .01 

12.5 

L 

20 

1.2:i 

4    .03 

Hi.l 

H 

4 

.98 

.OH 

1  1.1 

I. 

12 

1.23 

4-   .03 

27.4 

L 

12 

.04 

-+.      .05 

is.  I 

II 

0 

1.33 

-   .07 

29.4 

H 

13 

.OS 

+    .01 

10.  1 

L 

II 

1.20 

-    .():; 

Mar.     3.4 

1. 

3 

1.05 

-     .05 

20.  1 

H 

0 

1.17 

+  .os 

1.1 

H 

16 

.OS 

+    .0:5 

26.4 

1. 

s 

1.23 

+  .02 

5.3 

L 

10 

.04 

+   .07 

20.5 

II 

21 

1.25 

-   .01 

8.4 

L 

12 

1.00 

+    .02 

Aug.      1.! 

11 

6 

L.30 

-    .06 

9.4 

II 

6 

1.0.", 

.01 

2.5 

L 

15 

1.20 

+   .04 

L0.5 

1. 

1(1 

1.02 

Ol 

4.5 

L 

1(1 

1.27 

-    .03 

11.4 

1. 11 

21 

1.0(1 

-   .03 

7.5 

I. 

1(1 

1.21 

-      .01 

1(1.4 

LH 

19 

1.06 

-   .01 

S.l 

II 

5 

1.1  1 

+   .12 

17..". 

L 

1(1 

1.07 

-    .02 

0.1 

L 

10 

1.24 

-     .01 

23.5 

H 

14 

1.02 

+    .05 

10.1 

II 

1 

1.16 

+    .07 

24.5 

L 

10 

1.08 

-     .01 

12.1 

II 

15 

1 . 1 0 

+    .03 

30.5 

H 

12 

l.l.i 

.07 

16.5 

L 

1(1 

1.2(1 

.05 

31.5 

L 

14 

[.08 

.02 

17.1 

II 

15 

1.2(1 

.05 

Apr.      6.4 

H 

13 

1.19 

-    .07 

is.  1 

L 

7 

1.24 

.0:; 

10.4 

L 

15 

1.08 

+    .05 

10,1 

H 

15 

1.22 

.02 

15.1 

H 

15 

1.14 

+   .01 

22,1 

II 

1(1 

1.21 

-    .01 

17.4 

L 

15 

1.14 

+    .01 

2  1.5 

II 

1(1 

1.12 

+    .07 

18.5 

LH 

19 

1.16 

.00 

25.5 

L 

1(1 

1.1(1 

+    .03 
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Date 

Obsr. 

No. 
Obs. 

Ob'd  Lat. 

V 

Date 

Obsr. 

No. 
Obs. 

Ob'd  Lat. 

v 

+38°  55'  16".l 

0+ 

-  38c  ."jo'  16".00  + 

1316 

„ 

n 

1917 

» 

» 

Aug.  30.5 

L 

10 

1.20 

-0.03 

Feb.  21.4 

L 

7 

0.75 

+  0.10 

31.5 

H 

15 

1.1!) 

-   .03 

24.4 

H 

11 

.91 

-    .06 

Sept.     7.5 

H 

11 

1.10 

+   .04 

26.4 

L 

6 

.84 

+   .02 

9.5 

H 

16 

1.18 

-    .05 

Mar.     5.4 

L 

16 

.82 

+   .05 

12.5 

L 

16 

1.10 

-    .04 

6.4 

H 

15 

.03 

-    .00 

16.5 

L 

10 

1.04 

+   .06 

12.5 

L 

12 

.85 

+   .03 

19.5 

L 

16 

1.04 

+    .05 

15.5 

H 

12 

.86 

+   .03 

23. 1 

L 

16 

1.08 

.00 

17.5 

H 

12 

.OS 

.09 

25.4 

L 

16 

1.08 

-    .01 

10.5 

I. 

16 

.88 

+   .02 

26.4 

H 

14 

1.00 

-    .02 

22.5 

H 

13 

.88 

+  .02 

29.4 

L 

16 

1.10 

-    .05 

24.5 

H 

16 

.88 

+   .03 

Oct.      6.5 

1. 

13 

1.02 

+    .01 

28.4 

L 

11 

.00 

+   .02 

7..") 

H 

15 

1.00 

-    .04 

29.4 

H 

4 

1.01 

-    .09 

10.5 

H 

15 

1.03 

-    .02 

30.4 

L 

10 

.88 

+   .05 

11.5 

L 

16 

.97 

+    .04 

31.5 

H 

6 

1.03 

-   .10 

1  1.5 

H 

15 

.95 

+   .05 

Apr.     3.4 

H 

15 

.88 

+   .06 

20.4 

L 

3 

1.10 

-    .13 

7.4 

H 

15 

.92 

+   .03 

21.4 

H 

8 

1.00 

-    .03 

0,1 

L 

15 

.87 

+   .00 

23.5 

L 

16 

.OS 

-    .02 

10.4 

II 

13 

1.03 

-    .07 

21.:. 

H 

16 

.94 

+   .02 

11.3 

L 

2 

.95 

+   .02 

Nov.      1.5 

L 

16 

.02 

+    .02 

13.4 

L 

13 

1.02 

-    .05 

10.4 

L 

14 

.88 

+   .03 

18.5 

L 

4 

1.05 

-    .06 

21.4 

H 

15 

.81 

+   .os 

22.6 

L 

13 

1.02 

-   .02 

Dec.      1.5 

L 

16 

.88 

-    .01 

May      1.5 

H 

13 

1.09 

-    .07 

2.5 

H 

15 

.89 

-    .02 

2.5 

L 

12 

1.10 

-    .08 

0.5 

L 

16 

.81 

+   .06 

3.4 

H 

5 

.93 

+   .10 

12.4 

H 

12 

.84 

+   .02 

0.5 

L 

13 

1.04 

.00 

13.4 

I. 

3 

.68 

+   .IS 

10.4 

II 

5 

1.06 

-    .02 

22.5 

L 

14 

.83 

+   .02 

11,") 

L 

6 

1.02 

+   .02 

2:-!.  5 

H 

11 

.95 

-    .10 

14.6 

L 

8 

1.20 

-    .16 

26.3 

H 

3 

1.00 

-    .16 

15.5 

H 

12 

1.06 

-    .02 

28.4 

H 

0 

.95 

-    .11 

18.5 

L 

9 

1.04 

+   .01 

n»     ;5<>-4 

L 

4 

.78 

+    .06 

19.5 

H 

10 

1.02 

+   .03 

Jan.      6.4 

H 

1.". 

.87 

-    .03 

23.4 

L 

13 

1.01 

+   .04 

8.3 

L 

7 

.81 

+    .03 

24.4 

H 

5 

.92 

+   -14 

9.3 

H 

s 

.83 

+    .01 

25.5 

I. 

12 

1.10 

-    .04 

11.4 

H 

10 

.78 

+    .05 

30, 1 

L 

8 

.98 

+   .08 

14.4 

L 

16 

.75 

+    .08 

June      4.4 

I. 

14 

.93 

+   -14 

L6.3 

H 

0 

.87 

-    .04 

7.0 

11 

12 

1.11 

-    .03 

17.4 

I. 

s 

.so 

-    .03 

12.5 

H 

3 

1.13 

-    .04 

25.5 

H 

15 

.74 

+   .09 

13.6 

L 

13 

1.13 

-    .04 

28.5 

L 

11 

.82 

+    .01 

l.vo 

L 

11 

1.09 

.00 

30.5 

L 

14 

.87 

-    .04 

10.5 

H 

10 

1.15 

-    .05 

Feb.     0.4 

H 

11 

.93 

-    .00 

18.5 

]. 

14 

1.10 

.00 

7.5 

L 

15 

.87 

-    .03 

10.6 

II 

7 

1.16 

-    .06 

0.1 

L 

14 

.75 

+    .00 

20.5 

L 

14 

1.10 

+    .01 

14.4 

L 

9 

.SO 

-    .02 

22.5 

L 

3 

1.14 

-    .03 

17.4 

11 

11 

.88 

-   .03 

|                    29.5 

L 

.14 

1.07 

4-   .06 

N-    7s:; 
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Obsr. 


No. 
Obs. 


Ob'd  Lai 


June 
July 


Aim. 


Sepl 


Oct. 


Nov 


30.5 

13.4 

23.5 

24.5 

'.'7.5 

28.5 

30.5 

31.5 

1.5 

3.5 

1.5 

7.4 

1(1.5 

13.5 

IS. 4 

22.5 

23.4 

24.4 

25. (i 

27.6 

28.6 

10.5 

12.5 

13.5 

17.5 

18.4 

L9.5 

20.5 

25  t 

26.5 

1.4 

6.5 

9.5 

11.4 

12.5 

15.5 

16.5 

17.4 

22.5 

24.5 

25.5 

31.4 

2.4 

3.5 

5.4 

7.4 

8.4 


H 

L 

11 

L 

II 

1. 

II 

L 

H 

L 

I. 

11 

H 

L 

L 

II 

L 

H 

I. 

H 

1. 

H 

L 

1. 

L 

L 

II 

I. 

II 

H 

L 

L 

H 

H 

H 

L 

CL 

H 

CI, 

C 

(' 

H 

(' 

C 

H 

C 

C 

H 


38  55   n,    tin  , 


12 
1  1 

5 
24 

4 
10 
15 
15 
15 
111 
11 
16 

4 

16 
15 
14 

8 

4 

:; 

16 

16 

16 

15 

16 

16 

15 

7' 

16 

10 

2 

14 

11 

15 

8 

4 

8 

16 

10 

17 

7 

10 
13 
14 
15 
11 
16 
13 
15 


1.15 
1.10 
1.26 
LIS 
1.20 
1.23 
1.16 
1.20 
L.19 
1.20 
1.20 
1.22 
1.23 
1.11 
1.12 
1.22 
1.20 
1.20 
1.14 
1.13 
1.08 
1.16 
1.12 
1.18 
1.13 
1.07 
1.26 
1.09 
1.26 
1.08 
1.08 
1.11 
1.08 
.97 
1.09 


-0.02 

+    .04 

-  .10 

-  .01 
.00 

-  .06 
.02 
.02 

-  .01 

-  .02 
.02 

-  .04 

-  .06 
+  .06 
+    .05 

-  .05 

-  .04 

-  .13 
+    .02 

I    .03 

+    .OS 

.00 

+   .02 

.01 
.00 

I  .or, 

-  .1 1 
+  .03 

-  .14 
+  .03 
+  .03 

-  .01 
+  .01 
+  .12 

-  .01 
+  .20 


i  ib  i 


No 
Obs 


Ob'd  Lat. 


1.07 

+ 

.01 

1.17 

- 

.10 

1.07 

+ 

.01 

1.01 

+ 

.00 

1.07 

- 

.01 

1.00 

.00 

1.06 

.00 

1.11 

- 

.05 

1.05 

+ 

.01 

.99 

+ 

.06 

.96 

+ 

.09 

1.08 

- 

.03 

i  38  55'  16".00  t 


Nov. 


1),  c 


Feb. 


Mar. 


9.4 
15.1 
16.1 
17.4 
10.1 
26.5 
28.4 
1.1 
2.5 
1.1 
5.4 
6.5 
10.5 
L4.5 
15.1 
20.5 
22.5 
20.  1 
5.4 
8.3 
9.1 
10.1 
12.1 
13.4 
20.5 
22.  1 
25.5 
4.4 
9.4 
11.4 
12.5 
13.4 
15.4 
17.4 
is  I 
20.4 
21.4 
23.4 
28.4 
1.4 
2.4 
5.5 
7.5 
8.5 
11.5 
1  5.5 
16.5 
18.5 


(' 
C 
(' 
II 
(' 
C 

c 

II 
(' 
I. 
c 

L 
C 

<' 
L 
L 
L 
(' 
L 
L 
(' 
H 
L 
C 
C 
H 
C 
C 
H 
C 
II 

c 

c 
I, 

c 
c 

H 
H 
H 
(' 
H 
H 
H 
C 
C 
C 
L 
C 


14 
2 

1  1 
10 

I 

9 

s 

s 

9 

3 

7 
11 
13 
10 

7 
16 
15 
12 
13 

4 
15 
10 
16 
14 
15 

8 
15 

6 

5 

8 

7 
10 

11 

15 
7 
15 
11 
15 
10 
16 
15 
15 
13 
10 
8 
10 
6 
14 


1.19 

LIS 

1.02 

LOO 

.91 

1.1  I 

L.13 

1.09 

.OS 

.96 

.07 

1.00 

1.01 

1.00 

.o:i 

.OS 

.85 

.97 
.02 
1.00 
1.00 
1.00 
.91 
.0.; 
.89 
l.oo 
.OS 
.93 
1.01 
.86 
1.00 
.so 
.so 
.86 
.92 
.87 
.OS 
.96 
.87 
.91 
.9  1 
.94 
.83 
.90 
.93 
.87 
.86 


o.l  1 

.1  I 

+    .02 

+    .01 

+   .13 

-  .12 

-  .11 
.os 

4-    .03 

+    .05 

+    .03 

.00 

.02 

-  .01 
+    .06 

.00 

I     .12 

.00 

+   .04 

-  .05 

-  .05 

-  .11 
+  .04 
+  .02 
+   .05 

-  .00 

-  .05 

-  .01 

-  .12 
+    .06 

-  .OS 
+  .12 
+  .1)2 
+   .05 

-  .01 
+   .04 

-  .07 

-  .05 
+   .03 

-  .04 

-  .04 

-  .05 
+   .06 

-  .01 

-  .04 
+  .02 
+   .03 

.00 
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Date 


No. 
Obs. 


Ob'd  Lat. 


Date 


Obsr. 


No. 
Obs. 


Ol.'.l   Lat. 


:  38   55'  1(5".00  + 


Nov. 


Apr. 


May 


23.4 
25.5 
26.5 
27.5 
28.5 
2.4 
5.4 
15.4 
27.3 
1.5 
2.4 
8.5 

id. i; 
1 1.5 

L6.5 

17.5 

22.4 

23.5 

25.5 

31.5 

June     3.5 

4.6 

5.6 

7.6 

9.6 

11.6 

12.H 

13.5 

19.5 

26.5 

27.5 

1.5 

2.5 

8.5 

13.5 

15.5 

20.5 

22.5 

25.5 

26.5 

27.5 

31.5 

5.5 

6.5 

L5.5 

16.4 

19.4 

20.5 


July 


Aug. 


L 

6 

0.82 

(' 

16 

.87 

H 

16 

.98 

L 

16 

.88 

H 

15 

.SO 

H 

14 

.84 

C 

1(3 

.92 

L 

14 

1.04 

H 

16 

.93 

L 

15 

1.02 

H 

5 

1.13 

L 

1(3 

.9:3 

L 

12 

.96 

H 

14 

.94 

H 

15 

.93 

L 

15 

.99 

L 

4 

1.01 

H 

14 

.97 

L 

16 

.99 

L 

13 

1.01 

L 

11 

1.01 

H 

14 

.87 

L 

15 

.96 

L 

16 

1.06 

H 

1(3 

1.07 

H 

15 

1.0(3 

L 

15 

.98 

H 

4 

1.03 

L 

12 

.9:3 

L 

16 

1.01 

H 

15 

1.00 

L 

16 

1.00 

H 

16 

1.0.3 

C 

15 

1.05 

L 

16 

1.01 

(' 

16 

1.03 

(' 

16 

1.03 

(' 

10 

1.03 

H 

7 

1.08 

I. 

1.3 

1.08 

(' 

in 

1.07 

L 

16 

1.05 

C 

16 

l.iil 

H 

11 

1.10 

H 

13 

1.05 

L 

15 

1.06 

C 

14 

1.07 

H 

-I 

1.09 

+  0.07 

+  .03 

-  .08 
+  .02 
+  .04 
+  -07 

.00 

-  .10 
+  .02 

-  .06 

-  .17 
+  .04 
+  .01 
+  .03 

-  .01 

-  .02 

-  .(K3 
+  .01 

-  .01 

-  .02 
.02 

+  .12 

■  .1  3 

-  .06 

-  .07 

-  .06 
+  .02 

-  .0:3 
+  .08 

-  .02 
+  .02 
+  .03 

-  .02 

-  .01 
.00 

+  .01 

+  .02 

4-  .02 

-  .(K3 

-  .03 
-  .02 

+  .01 

+  .02 

-  .01 
+  .02 
+  .02 
+  .01 

-  .01 


5ep1 


Aug.  21.4 

24.5 
29.4 
1.6 
2.6 
4.5 
0.5 
12.5 
13.5 
14.5 
18.5 
21.5 
2:3,1 
25.4 
27.5 
28.5 
2.5 
3.5 
4.5 
5.5 
9.5 
10.5 
14.5 
16.5 
21.5 
22.5 


Nov. 


Dec. 


.Ian. 


i.tt 

4.4 

5.1 

s.4 

13.4 

23.5 

25.5 

26.5 

27.5 

30.5 

5 . 5 

17.5 

IS.  5 

19.5 

26.  1 

6.4 

7.5 

9.5 

10.5 

13.5 

15.5 

20,1 


L 

3 

(' 

10 

H 

3 

(' 

15 

L 

14 

L 

10 

C 

15 

H 

15 

(' 

12 

11 

15 

(' 

10 

(' 

13 

C 

14 

C 

6 

L 

15 

c 

4 

L 

6 

H 

15 

L 

15 

r 

7 

L 

16 

H 

11 

L 

15 

L 

16 

(' 

14 

H 

15 

(' 

16 

c 

9 

H 

10 

I. 

13 

L 

15 

(' 

15 

(' 

15 

H 

5 

L 

11 

(' 

16 

L 

9 

1. 

15 

C 

16 

L 

16 

L 

15 

I. 

16 

H 

4 

11 

15 

I. 

16 

(' 

16 

L 

16 

L 

8 

+3S°  55'  16".00+ 


1.07 
1.08 
1.05 
1.16 
1.09 
1.04 
1.08 
1.15 
1.19 
1.06 
1.13 
1.18 
1.07 
1.13 
1.03 
1.22 
1.28 
1.10 
1.09 
1.20 

I. OS 

1.12 
1.14 
1.10 
1.20 
1.13 
1.20 
1.10 
1.15 
1.19 
1.17 
1.10 
1.19 
1.11 
1.19 
1.10 
1.19 
1.05 

1.0s 

1.04 

1.07 
1.0:3 
I.Ol 

1.12 
1.07 
1.07 
1.12 

1  or, 


+  0.01 

+  .01 

+  .04 

-  .06 
+  .01 
+  .06 
+  .03 

-  .04 

-  .08 
+  .05 

-  .01 

-  .06 
+  .05 

.00 

+  .10 

-  .09 

-  .15 
+  .03 
+  .05 

-  .06 
+  .06 
+  .02 
+  .01 

-  .04 

-  .04 
+  .03 

-  .04 

-  .03 
+  .01 

-  .03 

-  .02 
+  .04 

-  .05 
+  .02 

-  .06 
+  .03 

-  .07 
+  .06 
+  .03 
+  .06 
+  .03 
+  .06 
+  .08 

-  .03 

+  .02 

+  .02 

-  .03 
+  .02 
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Date 


Obsr. 


Jan. 


Feb. 


Mar. 


Apr. 


May 


June 


24.5 

26..") 
28.5 
31.5 

1..". 

5.5 

(I..-) 

l(i.."i 

l'.i.  1 

24.4 

1.6 

3.5 

4..") 

II..") 

12.5 

is.:, 

21.5 

22.4 

21.5 

25.5 

2S.5 

29.5 

2.5 

13.4 

IS.  5 

L9.6 

21.0 

26.6 

2.5 

3.5 

17.1 

is.:. 

19.4 

23.5 

26.5 

•27.1 

28.5 

29.5 

30.5 

31.4 

2.5 

3.5 

6.0 

7.5 

10.5 

17.5 

19.5 

22.5 


|  38  55'  Hi"  no  | 


L 

10 

1.13 

L 

10 

L.  13 

H 

10 

1.10 

L 

16 

in:; 

C 

12 

1.00 

C 

10 

1.03 

H 

15 

1.00 

(' 

14 

L.03 

L 

15 

L.03 

(' 

12 

1.00 

(' 

12 

.05 

C 

8 

1.01 

H 

12 

L.03 

H 

15 

1.04 

L 

14 

.00 

H 

14 

1.05 

L 

L3 

1.01 

C 

7 

1.00 

C 

10 

.07 

H 

15 

.07 

L 

10 

1.10 

C 

14 

1.00 

L 

10 

.99 

(' 

12 

1.1:5 

(' 

12 

1.10 

(' 

10 

1 .07 

(' 

14 

1.00 

(' 

10 

.96 

(' 

14 

1.03 

L 

10 

1.02 

c 

7 

.05 

L 

15 

1.00 

C 

5 

1.13 

L 

13 

1.05 

(' 

15 

.89 

H 

2 

1.00 

(' 

8 

.00 

H 

12 

.98 

J, 

11 

1.04 

C 

3 

1.09 

(' 

14 

.01 

H 

12 

.OS 

L 

13 

.01 

(' 

12 

.94 

(' 

4 

.03 

H 

14 

.98 

H 

10 

.87 

C 

1G 

.92 

-0.05 
.115 

-  .09 
+    .01 

1-  .01 
+  .03 
.00 
+  .03 
+    .01 

-  .03 
+  .OS 
+    .02 

.00 

-  .02 
+  .00 

-  .03 
+  .01 

-  .04 
+  .05 
+  .05 

-  .OS 
+  .02 
+  .04 

-  .10 

-  .14 

-  .115 
+  .02 
+  .00 

-  .01 

-  .01 
}-  .05 

-  .01 

-  .14 

-  .07 
+  .00 

HO 

-I  .01 

-  .01 

-  .07 

-  .12 
+  .05 

-  .02 
+  .04 
+  .01 

.00 

-  .05 
+    .06 

.00 


Date 


Obsr. 


No. 

111,- 


Ob'd  Lai 


June 


Julv 


Aug. 


Si  pt. 


Oct. 


Nov 


28.5 

20.5 
1.5 
3.5 
4.5 
8.5 
0.1 

1  1.5 
24.5 

20.5 

28. 1 

20.5 

30.4 

2.5 

0.5 

7.5 

0.5 

10.5 

1  1.1 
15.5 
IS.  4 
10.4 
20.1 
22.0 
24.5 
25.6 
20.0 
28.5 

2.5 
3.6 
:>.:, 

S.5 
12.5 
1S.5 

2  1.1 
25.4 
20.1 
27.6 

3.5 

4.5 

6.5 

7.5 

18.5 

27.4 

28.5 

2.5 

6.4 


38   55'  16'  mi 


(• 

10 

0.00 

(' 

10 

.01 

11 

10 

.87 

(' 

10 

.92 

(• 

15 

.00 

II 

1  1 

.85 

1. 

7 

.01 

1. 

L6 

.02 

II 

12 

.03 

1. 

15 

.00 

(' 

15 

.02 

(' 

5 

.07 

11 

15 

1.01 

L 

0 

.SO 

(' 

10 

.07 

L 

12 

.00 

H 

7 

.02 

C 

15 

.0(1 

(' 

10 

.00 

C 

s 

.01 

1. 

14 

.OS 

C 

5 

.84 

II 

15 

.92 

L 

15 

.05 

L 

15 

.00 

C 

1  1 

.04 

C 

15 

.05 

1. 

15 

.00 

II 

5 

.93 

II 

12 

.94 

L 

10 

.07 

L 

1  1 

1.00 

I. 

10 

.85 

I. 

10 

1.01 

H 

10 

.05 

L 

10 

.02 

H 

10 

.85 

L 

10 

.07 

(' 

10 

.01 

L 

10 

1.07 

C 

0 

1.02 

L 

15 

.07 

H 

14 

1.01 

II 

15 

.02 

L 

8 

1.04 

H 

15 

1.00 

L 

15 

1.01 

H 

15 

.97 

(1.01 

+  .01 
t     .04 

.01 
+  .01 
+    .00 

-  .03 

-  .01 

-  .01 
+    .02 

.00 

.05 

.00 

+    .03 

-  .05 
+  .03 
+  .01 
+  .03 
+   .03 

.01 

-  .05 
+  .10 
+   .02 

-  .01 

-  .05 
.00 

-  .01 

-  .02 
+  .01 
+    .01 

-  .02 

-  .05 
+    .10 

.00 

.CO 

+  .04 
+   .11 

-  .01 
+    .05 

-  .10 

-  .05 
.00 

-  .04 
+   .07 

-  .04 
.00 
.00 

+   .05 
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N      7s  3 


Date 

Obsr 

Xo. 
Obs. 

Ob'd  Lat. 

V 

t-38   55'  I6".0i 

+ 

» 

t 

Nov.     9.4 

1. 

12 

1.27 

-0.25 

13.4 

H 

L6 

1.03 

.00 

15.4 

L 

Hi 

.95 

+   .08 

18.4 

L 

7 

1.12 

-    .09 

22.5 

H 

9 

1.11 

-    .07 

24.5 

L 

16 

1.02 

+   .03 

Dec.      1.5 

L 

16 

.99 

+    .07 

3.5 

L 

16 

.92 

+    .15 

4.5 

H 

16 

L.08 

-    .01 

L 

1(1 

1.08 

.00 

1 5 . 5 

L 

1(3 

1.10 

.00 

17.5 

I. 

14 

1.10 

.00 

20.4 

H 

11 

1.12 

-  .Ill 

21.5 

L 

14 

L.08 

+   .03 

30.4 

H 

10 

1.16 

-    .03 

The  following  table  gives  the  variation  of  latitude 
for  each  twentieth  of  a  year  a-  deduced  from  the 
latitude  curve.  The  mean  latitude  used  is  the  mean 
of  the  latitudes  for  the  four  years  1916.0—  1020  o. 


Corrections  to   Mean    Latitude   for   ^"ashin(;ton 
1915  1916  1917  1918  1919 


.00       -0.15  -0.19 

.05       -  .12  -  .20 

.10       -  .09  -  .10 

.15       -  .05  -  .18 

.20       +  .01  -  .15 

.25       +  .07  -  .10 

.30  +  .13  -  .04 

.35       +  .1(5  .00 

.40       +  .20  +  .03 

.45       +  .23  +  .00 

.50       +  .24  +  .10 

.55       +  .23  +  .13 

.60       +  .20  +  .14 

.(5       -|-  .1(3  +  .13 

.70       +  .09  +  -10 

.75       +  .02  +  .07 

.80       -  .05  +  .04 

.85  -0.24  -  .10  +  .02 

.90  .22  -  .14  .00 

.95  -    .18  -  .17  -  .04 


-0.07 

+0.06 

- 

.09 

+ 

.05 

- 

.11 

+ 

.03 

- 

.13 

+ 

.01 

- 

.14 

- 

.01 

- 

.12 

- 

.01 

- 

.09 

- 

.01 

- 

.07 

- 

.02 

- 

.05 

- 

.05 

- 

.03 

- 

.09 

.00 

- 

.12 

+ 

.02 

- 

.11 

+ 

.04 

- 

.10 

+ 

.06 

- 

.09 

+ 

.08 

- 

.08 

+ 

.10 

- 

.06 

+ 

.12 

- 

.04 

+ 

.12 

- 

.01 

+ 

.11 

+ 

.01 

+ 

.08 

+ 

.05 

THE   PARALLAX   OF    x   ORIONIS,    (5h  50m,    +7°  23'), 
By  frank  schlesinger. 


In  view  of  Professob   Michelson's  recenl    success 

in  measuring'  the  angular  diameter  of  this  star  (Betel- 
.    the    following    determination    of    the    parallax 

will  1 f  interest.     Fourteen  plates,  each  with  three 

images,  were  obtained  with  the  Thaw  Refractor  of 
the  Allegheny  Observatory,  in  six  sea>un<.  between 
October  1914  and  October  1917.  The  first  -even 
of  the  plate-  were  measured  by  Mr.  Hudson,  the  last 
seven  by  Miss  Knudsen.  They  yield  for  the  relative 
parallax  and  its  probable  error: 


+  ".013     ±".007 


The  only  other  published  determination  is  by 
Elkix,  with  the  Yale  Heliometer:  +".024  ±".024. 
A  determination  by  Adams  and  Jot  by  the  spectro- 
scopic method  is  in  press:  +".012  (absolute).  Com- 
bining these  after  correcting  the  trigonometric  deter- 
minations for  the  probable  parallaxes  of  the  com- 
parison star-,  we  obtain  the  mean,  +".014.  If  then 
the  angular  diameter  of  the  star  is  0".04,  the  linear 
diameter,  according  to  this  mean  parallax,  is  nearly 
three  times  the  radius  of  the  earth's  orbit,  or  about 
260,000,000  miles. 

Yale  Ob  si  rvato    . 
January  10,  1921. 


OBSERVATION    OF   THE   PARTIAL   ECLIPSE   OF   THE   SUN,    NOV.   9,    1920. 


Thi'  observations  were  made  with  the  1111.)  in. 
equatorial  bj  F.  1'.  Leavenworth  and  with  the!  in. 
equatorial  by  W'm.  <  >.  Real. 

The  limb  of  the  Sun  was  "boiling"  considerably  at 

the  time  of  first  Contact:    less  so  at  the  time  of  Last 
Contact . 


Time  of  First  ( 'ontact 
Time  of  Last  Coin  an 
Time  of  Firs'  <  ontact 
Time  of  Lasl  <  "ontact 

1 


111' 

■»  in. 

1' 

51" 

29s 

G.  M. 

T 

10] 

■  >  in. 

3 

36 

23 

G.  M. 

T 

4 

in. 

1 

51 

44 

G.  M. 

T 

1 

in. 

3 

36 

10 

G.  M. 

T 

CON  T E  X  T S  . 
Variation   d     Latitudi    Observati    ns    it  I  .  S.  Num.  Observatory,   1915.9 

'I'm:  Parallax  ok  at  7    _'::'  .  bi    1  hank   - 

[ON  or  the   Parti  u  fHE 


1920.0,     HY     1.    B.     LlTTLLL. 


I  Barnard,    Ernest   w.    Brown,    F.    R.    Moiilton   am>   k.   s.    Woodward. 

FVblished  by  the    L>i  i  i  is  should  Be  Addressed.     Price  $5.00  the  Volume. 
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OBSERVATIONS  OF  COMET   TEMPEL   II, 

WITH  Till;  26-INCH  EQUATORIAL  OF  Till'.   I  RVATOR1 

By  ERNEST  CLARE    BOM  I  R 
[Communicated  by  Rear  Admiral  J.  A.  Hoogewekff,  U.  S.  Navy,  Superintendent 


G,  M.  T 

App  a 

\i-    I 

#  —  "k 

Log  pp 

Ap.  pi.  red 
of* 

Si  »  - 
ing 

* 

Jul.     26.83904 

Sep.    13.80720 

14.80174 

17.81646 

Oct.      9.S2721 

Nov.     4.68255 

b     m       s 

2  7  14.56 

3  2  15.09 
3    2    9.95 
3    1  35.97 
2  46    6.62 
2  17  37.23 

-  1  32  51.9 
7  54    4.6 

-84  21.8 

-  8  35  21.6 
-11  39  51.5 
- 1 1  59    6.4 

L3.06    -2  59.6 
+   16.75    -2  50.0 
-105.22  +3  52.7 
+    16.20    -0  31.9 
-    11.58   +7  13.8 
+  42.60   -1     0.3 

dlO  ,s 
dlO  ,  8 
(50  ,  10 
rfl0,8 

r/10  ,  s 
dlO  ,  8 

9.4877!  0.751 
9.17971  d.sol' 
9.1997!  0.803 
8.9687!  0.809 
9.156    0.827 
8.1217!  0.833 

_'  50    •  15.2 
+3.41       18.4 
+3.41  +18.3 
+  3.48  +18.5 
+  3.91  +19.2 
+  4.21  +18.0 

V 
f 
vp 

I 

V 
V 

1 
2 
4 
(i 
7 
9 

Jul.  26.  Brightness  10'".  Clouds.  Sept.  13.  Faint.  Haze.  Poor  observation.  Sept.  11.  Very 
poor  observation.  Oct.  9.  Faint.  Haze.  Very  pom'  observation.  Nov.  4.  Very  faint  and  diffuse. 
Haze.     Very  poor  observation.     Used  step  star  \2]/o,m. 


Comp.:  d  =  direct  measures;  /  =  transits. 

Mean  Places  of  Comparison  Stars  for  1920.0 


• 

a 

d 

Authority 

1 

h 

2 

7  25.12 

-    1  30     7.5 

\Astr.  Alg.  -  2.020S,  I  I 
/2\Astr.  Alg.  -1.0204,95 

2 

3 

1  54.93 

-   7  51  33.0 

\  ll    .  rump,  wiih  3,  1920,  Sept.  13, 

t  Aa  =   +1'"  34s. 30,  AS  =   +3'  i:i"/l,  1920.0 

3 

3 

0  20.63 

-    7  54  46.9 

P.  G.  C  Boss  700 

4 

3 

3  51.76 

-   8     8  32.8 

\B.  D.  -8.587  comp.  with  5,  L920  Sept.  17, 
}Aa  =  +10*.43,  A<5  =   -7'  10".  1,  1920.0 

5 

3 

3  41.33 

-   8     1   22.7 

.1 .  G.  Wit  n-Ottakring  710 

6 

3 

1   16.29 

-  8  35     8.2 

A.  G.  Wien-Ottakring  699 

7 

2 

46  14.29 

-11   47  54.5 

(  12Km,  com]),  with  8,  L920,  Oct.  14, 
(  Aa  =   -17s. 07,  A5  =  +3'  44".3,  1920.0 

8 

2 

46  31.36 

-11  51  38.8 

.1.  (i.  Camb.  1  .  S.  tils 

9 

2 

16  50.42 

-11  58  24.1 

A.  G.  Camb.  U.  S.  525 

V.  S.  Naval  Observatory,  Washington,  I)    '  . 
1920,  Dec.  1. 
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A   PROPOS  DE   LA   PARALLAXE   DE  NOVA   AQUILM  NO.   3, 

Par   H.    PHILIPPOT. 


Dans  le  No.  773  de  V Astronomical  Journal,  M.  F. 
Henroteau  publie  les  resultats  d'un  calcul  de  la  par- 
allaxe  de  Nova  Aquilce  No.  3,  qu'il  a  refait  d'apres 
mes  observations.  Comme  il  semble  dire  a  ce  propos 
que  j'ai  inconsciemment  fait  abstraction  du  mouvement 
propre,  je  tiens  a  faire  ici  quelques  remarques. 

Tout  d'abord  M.  Henroteau  n'utilise  qu'une  partie 
de  mes  observations  et  il  arrive  a  un  resultat  tout 
different  du  mien,  ce  qui  n'a  rien  d'6tonnant.  II 
attribue  ensuite  arbitrairement  des  poids  selon  la 
qualite  de  l'image;  j'ai  au  contraire  donne  le  meme 
poids  a  fcoutes  mes  observations  parce  que  ['apprecia- 
tion de  la  qualite  de  l'image  n'est  que  le  resultat 
d'une  impression  au  moment  de  1' observation;  la 
precision  ne  s'en  ressent  pas  toujours  d'apres  ce  que 
j'ai  constate  au  cours  des  reductions  de  mes  observa- 
tions meridiennes. 

II  introduit  en  outre  le  mouvement  propre  comme 
ane  inconnue  du  probleime,  ce  qui  est  le  cas  general 
dans  des  recherches  de  ce  genre.  Mais  lorsque  ce 
mouvement  propre  pent  etre  determine  par  des  obser- 
vations tres  distantes  l'une  de  l'autre,  il  est  evident 
qu'on  peut  proceder  autrement.  Je  ferai  remarquer 
d'abord  qu'il  ne  s'agit  ici  que  du  mouvement  propre 
on  ascension  droite  et  non  du  mouvement  propre 
total  et  qu'on  ne  peut  pas  a,  priori  amrmer  epie  le 
mouvement  propre  en  ascension  droite  est  du  meme 
ordre  de  grandeur  que  la  parallaxe  annuelle.  Le 
mouvement  propre  total  et  la  parallaxe  peuvent 
etre  relativement  grands  tandis  que  le  mouvement 
propre  en  ascension  droite  peut  etre  petit  ou  mil; 
cela  depend  de  la  direction  du   mouvement. 

Je  n'ai  pas  considere  le  mouvement  propre  en 
ascension  droite  comme  une  inconnue;  voici  pour- 
quoi.  J'avais  lu  dans  A.  N.  No.  4949,  p.  71,  que 
d'apres  deux  positions  photographiques  obtenues  a 
Alger  en  1892  et  1895,  M.  Courvoisier  concluait 
a  un  mouvement  propre  annuel  de  +  0S.()016.  Comme 
mes  observations  ne  s'etendent  que  sur  un  intervalle 
de  107  jours,  cela  correspond  a  un  deplacement  en 
ascension  droite  de  0s. 00048  de  la  premiere  a  la  der- 
niere  observation.  J'ai  estime  que  ce  mouvement 
propre,  determine  a  l'aide  d'un  intervalle  de  prcs 
de  25  ans,  ('tail  bien  plus  precis  que  celui  qu'auraient 
pu  donner  mes  observations  sur  un  intervalle  de  107 
jours.  Vu  la  pet  il  esse  de  I'effet  de  ce  mouvement 
propre,  je  1'ai  neglige  et  non  pas  ignore  (voir  mon 
travail  p.  It)!.  Si  je  n'ai  point  cite  les  A.  N.,  c'esl 
que  nous  etions  encore  a  ce   moment   en    19  IS.      Tout 


au  plus  aurais-je  du  apporter  aux  ascensions  droites 
observers  une  correction  qui  pour  la  derniere  n'aurait 
pas  atteint  0s. 0005.  Faut-il  regretter  de  ne  pas  l'avoir 
fait?  Au  surplus  il  y  a  lieu  d'ajouter  que  les  mouve- 
ments  propres  en  ascension  droite  des  etoiles  de  com- 
paraison  sont  eux-memes  forcement  negliges;  e'est 
pourquoi  j'ai  soin  de  ne  parler  que  le  parallaxe  relative. 
M.  Henroteau  arrive  a,  un  mouvement  propre  de 
—  0".41  pour  100  jours,  soit  un  mouvement  annuel 
de  — 1".50,  valeur  tout  a  fait  illusoire  et  qui  ne  corres- 
pond pas  du  tout  a  la  valeur  indiquee  ci-dessus  et 
provenant  d'un  procede*  autrement  precis. 

La  parallaxe  (pie  j'obtiens  est  evidemment  un 
resultat  de  calcul;  je  n'ai  jamais  pense  autrement 
et  le  dis  en  d'autres  termes  dans  l'opuscule  (voir 
p.  43).  Voici  cette  phrase  "Nous  pouvons  finale- 
ment  conclure  que  la  valeur  de  la  parallaxe  de  la 
Nova   Aquilce   resultant   des   observations   qui   precedi  nt 

est      tie     -w  =   +0".20 "      Les     observations     sont 

du  reste  trop  peu  nombreuses  et  s'etendent  sur  un 
trop  faible  intervalle  de  temps  pouv  donner  un  resultat 
offrant  quelque  certitude.  L'astre  ne  s'y  prete.  du 
reste  pas,  a  cause  de  sa  position.  Je  considere  done 
le  nombre  obtenu  comme  une  limit e  superieure. 

D'un  autre  cole,  la  combinaison  de  mes  observations 
avec  les  donnees  photographiques  d'Alger,  donne  un 
mouvement  propre  total  de  0".039  environ.  Si  Ton 
admet  que  la  parallaxe  annuelle  soit  en  moyenne  la 
sixieme  partie  du  mouvement  propre  total,  il  faut  en 
conclure  que  celle  de  la  Nova  Aquilai  est  inferieure 
a  0".01.  Les  observations  meridiennes  sont  trop 
peu  precises  pour  deceler  une  pareille  quantite  avec 
plus  ou  moins  de  certitude.  Elles  doivent  ceder 
le  pas  a,  la  methode  photographique  qui  est  incom- 
parablement  plus  precise  et  moins  laborieuse. 

Enfin  je  rappellerai  que  les  observations  du  debut, 
alors  que  l'^clat  de  l'astre  etait  tres  grand,  out  etc 
faites  a  l'aide  d'ecrans  places  ilevant  I'objectif  (voir 
mon  travail  p.  28)  et  qu'il  n'y  a  guere  de  raison  de  les 
croire  moins  bonnes  (pie  les  dernieres. 

L'exprcssion  du  fact  cur  parallactique  P  (pie  donne 
M.  Henroteau  est  ind^pendante  de  'a  d6clinaison; 
e'est  une  erreur.  Elle  doit  etre  multiplied  par  le 
facteur  sec.  5,  qui,  dans  le  cas  actuel,  est  voisin  de 
l'unite  mais  qui,  dans  une  formule  genera  le,  ne  peut 
etre  supprmie. 

Obsi  rvatoire  d'l  'ecle, 
Octobre,   1920 
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PARTIAL  ECLIPSE   OF  THE  SUN,   NOVEMBER    10,    1!»L><>, 

OBSERVED    AT   THE    V.    s.    NAVAL   OBSERVATORY,    WASHINGTON,    1'     C. 

By  ELEANOB  A.  lamson. 
[Communicated  by  Rear  Admiral  .1.  A.  Eoogewerff,  U.S.  Navy,  Superintendent.] 


Tlic  results 
lasl    contact 

are   as  follow 


of  tin'   visual  observations  of  first  and 
made   at    the    l'.  S.    Naval    Observatory 


( (bserver 


First  ('(intact   Last  Contact 


G.  M.  T. 


G.  M.  T. 


Hall 

2  0  22 

4  9     5 

Hammond 

2  0  20 

4   S  ."(it 

Hill 

2  0   10 

1  s  56 

Burton 

[2  0  29]* 

4  9     9 

Bower 

4  9      7 

li     in        a 

b     m        a 

Mean 

2  0  20 

4  9     3 

♦Noted  as 

poor  by  c 

bserver. 

Instrument 


12-inch  equatorial 
5-inch  equatorial 
5-inch  equatorial 
5-inch  equatorial 
5-inch  equatorial 


„  (First        2"  0"'  22' 

Computed  times  of  contract  {  x  .     _     „„ 

/  Last         4    9     31 


Several  photographs  of  the  eclipse  were  also  made 
near  the  time  of  last  contact  with  the  40-fool  pho- 
toheliograph  by  (!.  H.  Peters  assisted  by  C.  B. 
Watts,  the  sidereal  time  being  carefully  noted  at  the 
instant  of  each  exposure.  To  determine  the  instant 
the  Moon  moved  off  the  Sim's  disc,  i.e.,  the  time  oi 
last  contact,  the  Following  scheme  was  used,  based 
upon  suggestions  made  by  A.  Newton  of  the  Nautical 
Almanac  office. 

The  geocentric  right  ascension  and  declination  of 
the   Sun    and    Moon   were    computed    for    three    times, 


two  minutes  apart,  grouped  about  the  approximate 
time  of  second  contact  based  upon  the  elements  of 
the  eclipse  found  in  the  American  Ephemeris,  1920. 
These  positions  were  reduced  to  Washington  and  the 
distance  between  the  centers  of  the  two  bodies  com- 
puted, from  which  one  obtained  the  rate  per  second 
of    the    increase    of    the     line    of    centers    as    the     MoOTi 

moved  off  t  he  Sun's  disc. 
The  Length  of  the  common  chord  on  the  photographic 

plate  was  measured  lor  each  partial  phase  and  reduced 
to  arc.  The  distance  between  centers  was  then 
obtained  by  solving  the  triangles  comprised  between 
the  radii,  the  semi-chord  and  the  line  of  centers. 
Having  the  rate  of  change  of  line  of  centers,  as  men- 
tioned in  the  preceding  paragraph,  it  is  easy  to  compute 
the  instant  when  the  two  bodies  are  in  contact  for 
each  exposure.  The  following  results  were  obtained 
for  last  contact  based  on  these  plate  measures. 


Plato 


I 

II 

III 

IV 
V 


( observed  Time 
el'  Exposure 

Length  of 
Chord 

Time  ol  Last 
Contact 

G.  M.  T. 

G.  M.T. 

Il       111          s 

» 

Il      III          a 

4  (i  52.9 

330.0 

1   9    17 

4  7  23.8 

299. 1 

4   9   IS 

1   7  53. S 

[234.3]* 

[4  9      1| 

4  8  27.8 

213.3 

4  9  2(> 

4   9      1.9 

[  73.431 

[4   9     9] 

Mean  I    9   20 

*  Distortion  on  plate.     tQuestionable  on  plate. 


PROPER-MOTIONS  OF   CERTAIN   LONG   PERIOD   VARIABLE   STARS, 

By  ANNE  S.   YOUNG  and  LOUISE   I'.  JENKINS. 


Plates 
\  -cries  of  photographs  of  the  fields  around  faint 
variable  stars  was  made  with  the  24-inch  reflector  of 
the  Yerkes  Observatory  by  Mr.  Parkhtjrst  and  Mr. 
Jordan  during  the  years  1902  190S.  In  even  case 
the  image  of  the  variable  was  at  or  near  the  center 
of  the  plate,  and  although  such  reflector  plates  might 
not  be  well  adapted  to  a  general  study  of  proper- 
motions,   yet    because   of  their  favorable   position   on 


the  plates  it  seemed  worth  while  to  attempt  to  deter- 
mine the  proper-motions  of  some  of  these  variables. 
Plates  selected  from  this  series  were  therefore  dupli- 
cated  for   us   at    the    Yerkcs   Observatory    under   the 

direction  oi  Mr.  PaRKHURST,  the  hour-angle,  aperture, 
and  exposure  time  of  the  second   plate  corresponding 

to  that  of  the  first,  and  the  magnitude  of  the  variable 
being  as  nearly  the  same  as  possible  upon  the  two 
plates.      The    usual    length    of   exposure    was   one    hour, 
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the  aperture  used  was  18  inches  unless  otherwise 
noted.  The  scale  of  the  plates  is  87". 38  to  the  milli- 
meter. 

Measures 

These  plates  were  measured  at  Mount  Holyoke 
College  in  a  Gaertner  machine  which  has  two  screws 
at    right    angles    to    each    other.     The    pitch    of    both 

screws  is   0.5" to  a  revolution:    one  division   of  the 

screw  heads  corresponds  to  0.001mm. 

For  each  field  a  set  of  standard  stars  was  selected, 
usually  within  8'  of  the  center,  and  so  distributed 
that  the  sums  of  the  x  and  y  coordinates  were  very 
nearly  zero.  As  each  pair  of  plates  was  examined  in 
the  stereocomparator  at  the  Yerkes  Observatory 
before  it  was  sent  to  us,  no  star  of  large  proper-motion 
was  included  among  these  standards.  The  balancing 
of  distances  made  least  squares  solutions  unnecessary 
and  simplified  greatly  the  reduction  of  the  measures. 

The  early  plate  was  oriented  in  the  machine  by 
A.  G.  stars  or  by  the  mean  of  star  trails,  weighted 
according  to  their  distance  from  the  center.  The 
second  plate  was  oriented  to  correspond  to  the  first. 
Each  plate  was  measured  in  both  direct  and  reversed 
positions,  and  each  pair  of  plates  was  measured  and 
reduced  independently  by  each  observer.  The  average 
probable   error   of   a   single   setting,    determined   from 


measures  of  three  plates,  was  ±0".074  in  x,   ^O"^0^ 
in  y. 

Results 

Results  are  given  in  the  tallies  which  follow.  The 
plates  for  the  stars  in  Table  1  were  considered  good  and 
at  a  later  time  the  measures  of  these  will  be  published 
so  that  they  may  he  available  for  use  in  the  determining 
of  more  accurate  proper-motions  in  the  future.  Proper- 
motions  for  stars  in  Table  2  were  for  various  reasons 
considered  less  reliable  and  these  measures  will  prob- 
ably not  lie  published.  The  columns  of  these  tables 
contain  the  designation  of  the  star,  the  right  ascension 
and  declination  as  given  by  Graff1,  the  date  of  the 
early  plate,  the  number  of  years  in  the  interval  between 
the  two  plates,  the  number  of  standard  stars,  the  mean 
of  the  two  determinations  of  the  annual  proper- 
motions  in  right  ascension  ami  declination,  and  the 
residuals  in  units  of  0".001.  In  right  ascension  the 
proper-motion  is  given  in  both  arc  and  time. 

The  probable  errors  of  the  annual  proper-motions 
found  were  computed  for  several  plates  from  least 
squares  solutions  and  ranged  from  ±0". 003  to  ±0".005. 

For    two    of    the    stars    in    Table    1    proper-motions 

1  Ortsverzeichnis  von  5S0  Ver'and.  Sternen,  Asiron.  Abhand.  der 
Hamburger  Sternwarte  in  Bergedorf,  Bd.  1,  Nr.  3. 


Table  1 


St;ir 

R.  A.  (1900) 

Decl.   (1900) 

Ep. 

Int. 

No. 

Stars 

fa 

/<* 

Resid.  in 

a     |     S 

RR  Andromeda 

li         III           s 

0  45  56.86 

+  33  49  58.3 

07.85 

y 
9.21 

21 

+  .030  .0024 

-.052 

1 

5 

Y  Andromeda 

1  33  45.16 

+  38  50     7.4 

07.85 

11.24 

24 

-.019  .0016 

+  .009 

2 

1 

T  <  'amelop. 

4  30  20.77 

+  65  56  44.4 

07.87 

11.26 

29 

+  .011   .0018 

-.011 

4 

0 

V  Orionis 

5     0  47.02 

+   3  57  59.5 

07.76 

11.32 

20 

+  .018  .0012 

+  .022 

1 

0 

V  Monoc. 

6  51   19.04 

+  11   22  22.2 

08.24 

8.98 

20 

-.019  .0013 

-.024 

1 

1 

*R  (it  im  norum 

7      1   20.12 

+  22  51   28.2 

05.00 

14.15 

28 

-.021   .0015 

+  .006 

1 

4 

T  Geminprum 

7  43   18.04 

+  23  59     0.6 

08.24 

10.03 

25 

+  .023  .0017 

-.017 

7 

3 

U  <  'dncri 

s  30    2.70 

+  19   14  25.8 

08.24 

10.02 

22 

+  .019  .0013 

-.001 

8 

3 

S  Hydra 

S  -IS  21.17 

+   3  20  40.2 

08.31 

8.98 

25 

-.024  .0010 

+  .028 

7 

2 

T  Hydra 

8  50  47.94 

-    8  45  35.1 

08.26 

9.99 

25 

-.021   .0014 

+  .001 

7 

1 

T  Virginis 

12     9  28.80 

-    5  28  47.8 

08.02 

10.19 

19 

-.006  .0004 

-.009 

6 

2 

S  Sagittarii 

19  13  34.85 

-19   12  21.1 

()7.til 

12.03 

26 

-.006  .0004 

-.012 

6 

8 

*x  Cygni 

19  46  43.44 

+  32  39  40.6 

04.54 

15.11 

37 

-.017  .0014 

-.034 

5 

6 

Z  Cygni 

19  58  37.  17 

+  49  45  51.5 

07.49 

12.00 

31 

-.002  .0002 

-.018 

8 

0 

W  ( 'apricorni 

2(1     s  36.26 

-22   16  51.0 

07.73 

11.91 

22 

+  .001   .0001 

-.027 

5 

1 

T  Delp 

20  40  43.27 

+  10     2     6.2 

07.81 

9.81 

22 

+  .000  .0000 

+  .023 

5 

6 

HI!  Aquarii 

21     9  49.10 

-   3  18  37.0 

07.66 

12.00 

19 

+  .022  .0014 

+  .047 

10 

7 

*Aper1  ure  12  im 

hes. 
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Table  2 


Star 

i:    \     [< 

Decl.   (] 

Ep. 

int. 

No 
Stars 

,",. 

N 

Res  id.  in 

« 

3 

S  An'i  lis 

h        in        8 

1   59   L5.42 

+  12     2  51.3 

07.86 

9.21 

17 

.089  .0060 

.019 

2 

1 

R  Ceti 

2  20  55.44 

-   0  37  47.0 

07.90 

I  L.98 

2] 

-.013  .0009 

|   .OIS 

6 

3 

V  Geminorum 

7   17  32.72 

+  13   17  34.0 

08.30 

8.98 

23 

.022  .0016 

-.033 

7 

10 

RV  Herculis 

16     6     2.74 

+  25   19  55.6 

04.44 

15.05 

16 

)  .004  .0003 

.005 

1 

9 

s  Scorpii 

16  11   42.65 

-22  lis    16.6 

08.26 

10.24 

22 

-.030  .0022 

+  .021 

10 

6 

W  Ophiuchi 

16   L6     1.11 

-    7  27  42.6 

07.51 

12.03 

22 

I  .023  .0015 

+  .020 

L5 

1 

jh'S  Herculis 

17  17  30.86 

+  23     1     6.2 

(17. .V.i 

Ki.dl 

1  1 

-  .()()'_'  .()()()•_' 

+  .042 

4 

3 

SY  Cygni 

19  42    13.54 

|  32  27  33.5 

()7. 59 

12.29 

29 

-.012  .0010 

+  .02S 

12 

9 

Z  Aquila 

20     9  51.41 

-   6  27  20.5 

07.46 

1 2. 1 2 

23 

+  .022  .0015 

.006 

6 

3 

S  Pegasi 

23   15  29.05 

+  8  22  19.6 

07.82 

11.83 

1  1 

.055  .0037 

-.036 

8 

3 

fMeasured  by  R 

.iss  Farnswob 

tii  instead  of  Miss  Jen 

KINS. 

Table  3 


Star 

Field 

Mag. 

R.  A.   (1900) 

Decl.    (1900) 

Ep. 

Int. 

f. 

ft 

* 

11'  .1  ndrom. 
11'  .1  ndrom. 
11'  A  ndrom. 
V  Orionis 
SY  Cygni 
S  Pegasi 
U  Puppis 

M 

14 
13 

11.8 

12.1 

9.2 

8.7 

14.5 

tl         III          s 

2     9  53.3 
2  11  49.1 
2  10  43.2 
5     0  44.7 
19  42  27.8 
23   12  55.3 
7  57  51.2 

+  43  36     2 
+  43  47  40 
+  43  52  44 
+   4   11   55 
+  31   46  54 
+   8  31  55 
-12  48  23 

02.03 
02.03 
02.03 
07.76 
07.59 
07.82 
08.26 

15.75 
15.01 
15.01 
11.32 
12.30 
11.83 
11.88 

+  .05  .005 
+  .46  .042 
-.02  .002 
+  .40  .027 
+  .45  .036 
+  .42  .028 
+  .20  .014 

-.22 
-.10 
-.12 
+  .12 
-.42 
-.11 
-.36 

* 

*Hagen  46 

Hagen  34 

B.D.  +31°  3767 
*B.D.  +   8°  5037 

* 

*Miss  Young's  m 

easures. 

have  already  been  published  as  follows:  — 

Star  fa  !'>  Authority 

R  Geminorum    -0.008     +0.04     A.  G.  Berlin  A,  p.  224 
X  Cygni  -0.0060   -0.054  Boss,     Prelim.     Gen. 

Cat. 
-0.001     -0.04     Tucker,     Lick     Obs. 

Bull.  No.  323. 

Our  results  for  x  Cygni  are  in  good  agreement  with 
Professor  Tucker's  values  based  upon  the  1900 
position  in  the  Preliminary  General  Catalogue  and 
a  meridian  circle  observation  made  at  the  Lick  Obser- 
vatory in  1919. 

Table  3  gives  similar  data  for  seven  stars  whose 
proper-motions  are  so  large  as  to  be  evident  in  the 
stereocomparator,  and  arc  the  only  ones  found  in  the 


examination  of  60  fields.  Images  of  these  stars, 
because  of  their  distance  from  the  center  of  the  plate, 
were  elongated  and  sometimes  even  cometary,  so 
that  the  positions  given,  computed  from  the  measures, 
are  for  identification  only.  The  proper-motions  were 
determined  by  a  comparison  with  a  group  of  neighbor- 
ing stars  whose  images  were  of  similar  shape,  so  that 
the  percentage  of  error  in  these  is  probably  small. 

The   last  star  on  the  list,   B.D.    +8°  5037,   is   No. 
11591  of  the  A.  G.  Zone  5°  —  8°. 

In  conclusion  we  wish  to  express  our  thanks  to 
Dr.  Alice  Farnsworth,  who  took  most  of  the  plates 
of  the  second  series,  and  to  Professors  Parkhurst 
and  Frost  of  the  Yerkes  Observatory  for  their  many 
helpful  suggestions  as  well  as  for  their  kindness  in 
loaning  the  plates  used  in  this  investigation. 
Mount  Holyoke  College, 

November,  19S0, 
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THE   PARALLAXES   OF  THIRTY-FOUR  STARS, 

By  FRANCES  ALLEN   and   FRANK  SCHLESINGER. 


For  this  series  of  parallaxes  the  average  probable 
error  is  0".0080,  the  average  number  of  plates  14.7. 
and    the    average    number    of    comparison    stars    3.8. 


All  the  measurements  were  made  by  Miss  Allen. 
The  details  of  these  determinations  will,  as  usual, 
appear  in  the  Publications  of  the  Alleghemj  Observatory. 


No. 


Name 


o (1900) 

b 

m 

0 

5 

23 

1 

8 

22 

36 

2 

13 

50 

3 

28 

46 

4 

1 

2 

20 

53 

5 

3 

59 

6 

7 

7 

8 

23 

38 

8 

20 

10 

38 

13 

36 

17 

20 

17 

29 

37 

18 

52 

l!l 

37 

58 

20 

30 

53 

21 

17 

22 

7 

23 

26 

54 

3  (1900) 


Durchmusterung 
Number 


Visual  Magn. 

Total 

and 

Proper- 

Spectrum 

Motion 

5.1   F0 

.007 

6.0  F2 

.21 

4.6   K0 

.05 

5.0  F5 

.36 

6.3  F5 

.14 

5.8  F8 

.53 

7.4  G5 

.33 

6.4  K0 

.33 

7.8  K0 

.48 

7.1  G5 

.29 

6.2  G5 

.21 

6.7  GO 

.32 

6.3  F8 

.35 

5.6  F5 

.17 

6.7  F5 

.21 

7.1  GO 

.31 

5.6  GO 

.18 

4.2  A8 

.24 

6.8  FS 

.68 

6.2  F2 

.24 

5.3  F0 

.28 

6.3  F 

.16 

4.5  A 

.038 

7.4  GO 

.21 

5.6   V 

.10 

5.9  F 

.14 

4.4   K 

.038 

7.2  G5 

.61 

8.7  K2 

.44 

6.0  K 

.000 

5.8   K 

.25 

5.4   A 

.15 

5.3   K 

.2(1 

5.1    V 

.09 

Relative  Parallax 

and 

Probable  Error 


Probable 

Error  for 

One  Good 

Plate 


366 
367 
368 
369 

370 

371 
372 
373 
374 
375 

376 
377 
378 
379 
380 

381 
382 
383 
384 
385 

386 
387 
388 
389 
390 

391 
392 

3'J4 
395 

396 
397 
398 
399 


22  Andromeda}.  .  . 

Lalande  617 

4>  Piscium 

u  A  ndromeda 
Piazzi  145 

Lalande  4268.  .  .  . 
Lalande  5376.  .  .  . 

Mayer  120 

Lalande  7036 .  .  .  . 
02  531 

49  Persei 

Lalande  8248 

Bradley  671 

Piazzi  294 

Lalande  11499.  .  . 

Lalande  1 1774  .  .  . 
Lalande  13942.  .  . 
p  Geminorum  .  .  .  . 

Weisse  1029 

25  '  'mien 

Groombridge  1678 

2  1774  . 

p  Herculis 

Lalande  32151  .  . 
/S  1251 

0  1255 

.j  Sagitta    

Lalande  38287.  .  . 
Munich  251  16 
Bradley  2725.  .  .  . 

34  I  nl i>'  culm .  .  .  . 
Groombridgi  3703 
11  A  ndromi 
27  Piscium 


+45  31 

+  9  39 

+  24  3 

+  44  53 

+  25  14 

+    1  17 

+26  28 

+  17  30 

+  60  53 

+  37  49 

+  37  28 

+  46  38 

+  66  41 

+  46  50 

+  14  24 

+   6  49 

+  47  25 

+  31  59 

+  39  49 

+  17  23 

+  46  44 

+  51  1 

+  37  14 

+  63  56 

+  16  0 

+  48  44 

+  17  15 

+  15  20 

+  5  47 

+  48  49 

+  23  26 

+  50  20 

+  38  41 

-  4  7 


+  45 
+  9 
+  23 
+  44 


17 

47 

158 

307 


+  25  276 

+  1  410 

+  26  484 

+  17  575 

+  60  762 

+  37  878 

+  37  881 

+  46  884 

+  66  370 

+  46  970 

+  14  1136 

+  6  1155 

+  47  1419 

+  32  1562 

+  39  1998 

+  17  1842 

+  46  1657 

+51  1859 

+  37  2878 

+  63  1358 

+  16  3256 

+  48  2793 

+  17  4048 

+  15  4(126 

+  5  4556 

+  4S  3249 

+  23  4294 

+  50  3602 

+  38  5023 

-  4  5996 


-.009 
+.029 
-.010 
+.024 
+  .005 

+  .043 
+.056 
+.021 
+.048 
+.026 

+  .019 
+.022 
+  .030 
+  .024 
+  .004 

+.017 
+.040 
+.051 
+.024 
+  .033 

+.015 
+  .046 
-  .009 
+  .005 
+.026 

+  .014 
+  .033 
+  .024 
+  .001 
+  .003 

-.008 
+  .004 
+.011 
+.045 


.040 

7 
8 
4 
9 

10 

7 


6 

in 

9 

Id 

10 


II) 
9 

7 

10 
8 
7 


.025 
21 
23 
13 
22 

25 
20 
23 
20 
22 

21 
26 
18 
13 
22 

20 
24 
22 

18 
20 

16 
21 
22 
25 
27 

20 
19 
22 
22 
19 

27 
21 
19 
19 


■'.  1921 
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SUNSPOT  OBSERVATIONS, 

MADE    AT   BERWYN,    PENN.    WITH    A   4K    INCH    REFHACTOR, 

By   A.   VV.   QUIMBY. 


1920 

Time 

New 
Grs. 

Total 
Grs    Spots 

Grs 

Def. 

1920 

Time 

Grs. 

Total 
Grs.  Spots 

Fac. 
Grs 

Def. 

1920 

Time 

New 
Grs 

Total 
Grs.  Spots 

Grs 

Def. 

July      1 

6 

3 

13 

2 

fair 

Aug.  14 

12 

4 

9 

1 

f  aii- 

Oct.        1 

10 

1 

1 

10 

2 

fair 

2 

7 

- 

3 

12 

2 

fail- 

15 

5 

- 

3 

11 

fa  ii- 

2 

7 

- 

3 

13 

2 

faii- 

3 

7 

- 

2 

14 

2 

fair 

16 

9 

- 

3 

15 

fn  ir 

3 

7 

3 

15 

2 

fa  ii- 

4 

5 

1 

3 

17 

2 

fair 

17 

7 

- 

3 

14 

fair 

4 

7 

2 

5 

18 

3 

fa  i  r 

5 

6 

- 

3 

22 

2 

fail- 

18 

5 

2 

11 

good 

5 

7 

5 

10 

3 

faii- 

6 

7 

- 

3 

13 

2 

fair 

19 

2 

1 

1 

poor 

6 

7 

2 

7 

fair 

7 

7 

- 

3 

7 

2 

fair 

20 

12 

2 

2 

fair 

7 

7 

1 

3 

32 

3 

faii- 

8 

7 

1 

3 

8 

2 

fair 

21 

7 

- 

1 

1 

fair 

8 

7 

3 

23 

1 

fair 

9 

7 

- 

2 

3 

poor 

22 

4 

1 

2 

2 

2 

lair 

ii 

7 

3 

26 

2 

fair 

11) 

7 

- 

2 

6 

faii- 

24 

10 

1 

2 

fair 

Ii) 

7 

1 

1 

42 

1 

good 

11 

7 

2 

G 

fair 

25 

9 

1 

3 

fair 

11 

7 

3 

CI) 

1 

good 

12 

11 

- 

2 

4 

~ 

fair 

26 

9 

1 

3 

fair 

12 

7 

3 

36 

fair 

13 

7 

- 

2 

4 

fair 

27 

7 

1 

3 

fair 

13 

7 

3 

23 

p ' 

14 

7 

1 

fair 

29 

5 

1 

5 

2 

good 

14 

7 

3 

20 

1 

poor 

15 

7 

1 

1 

f;  til- 

30 

5 

- 

1 

10 

1 

fair 

L5 

7 

2 

4 

18 

1 

poor 

L6 

7 

- 

1 

fa il- 

31 

5 

1 

22 

good 

in 

7 

1 

3 

17 

2 

poor 

17 

7 

- 

2 

ia  ir 

Sept.      1 

7 

1 

12 

poor 

17 

7 

3 

24 

3 

faii- 

18 

7 

2 

3 

8 

fair 

2 

7 

1 

24 

lair 

19 

7 

1 

3 

13 

2 

fair 

19 

7 

- 

2 

8 

fail- 

3 

5 

- 

1 

32 

fair 

20 

7 

2 

14 

3 

faii- 

20 

7 

- 

2 

6 

fair 

4 

7 

1 

50 

gi » ii  1 

21 

7 

1 

3 

30 

4 

fair 

21 

7 

- 

1 

4 

faii- 

5 

7 

1 

2 

55 

good 

22 

7 

3 

30 

3 

fair 

22 

6 

1 

2 

10 

fa  i  r 

6 

9 

- 

1 

52 

fair 

23 

7 

2 

3 

15 

2 

faii- 

23 

6 

- 

2 

5 

fair 

7 

7 

- 

1 

48 

1 

fair 

24 

7 

3 

50 

fair 

24 

7 

- 

2 

4 

fair 

8 

7 

- 

1 

16 

1 

poor 

25 

11 

- 

3 

56 

fair 

*          25 

7 

- 

2 

3 

- 

fail- 

9 

7 

1 

1 

4 

2 

fail- 

26 

4 

- 

3 

19 

poor 

*          2G 

7 

1 

3 

4 

fair 

10 

7 

- 

1 

10 

2 

fair 

27 

12 

2 

11 

poor 

*          27 

7 

- 

3 

4 

2 

fail- 

11 

7 

- 

1 

8 

1 

fail- 

28 

4 

- 

2 

7 

- 

poor 

*          28 

7 

- 

3 

4 

fair 

12 

7 

- 

1 

8 

fair 

29 

7 

- 

2 

5 

1 

poor 

*          29 

7 

- 

2 

4 

fail- 

13 

7 

1 

2 

12 

- 

fail- 

30 

7 

1 

2 

4 

2 

poor 

*          30 

7 

- 

2 

3 

- 

fair 

14 

7 

- 

2 

14 

1 

fair 

31 

7 

1 

3 

20 

:; 

fair 

*          31 

7 

- 

2 

3 

- 

faii- 

15 

7 

- 

2 

20 

1 

faii- 

Nov.    1 

7 

- 

2 

46 

1 

fair 

*Aug.    1 

7 

- 

2 

3 

- 

fair 

16 

7 

- 

1 

10 

1 

fair 

2 

8 

- 

1 

10 

- 

poor 

*            2 

7 

1 

2 

3 

1 

fair 

17 

7 

- 

- 

- 

1 

fail- 

3 

7 

- 

2 

26 

pooi- 

*            3 

7 

- 

2 

2 

1 

fail- 

18 

7 

- 

- 

- 

1 

fair 

4 

7 

- 

2 

34 

2 

fair 

*            4 

7 

- 

1 

1 

1 

fair 

19 

7 

- 

- 

- 

1 

faii- 

5 

7 

- 

2 

30 

fair 

*            5 

7 

- 

- 

- 

- 

poor 

20 

7 

- 

- 

fair 

6 

7 

1 

3 

42 

- 

fair 

*           6 

6 

1 

1 

1 

1 

faii- 

21 

7 

1 

1 

1 

faii- 

7 

8 

- 

3 

20 

- 

poor 

*            7 

6 

- 

- 

- 

- 

fair 

22 

7 

2 

8 

1 

fair 

8 

8 

- 

2 

32 

2 

fair 

8 

7 

- 

- 

- 

1 

fail- 

23 

7 

- 

2 

12 

1 

faii- 

9 

8 

- 

1 

2 

poor 

9 

7 

- 

- 

- 

fair 

24 

7 

3 

20 

1 

fair 

10 

8 

- 

1 

3 

1 

poor 

10 

7 

- 

- 

- 

- 

fair 

25 

7 

- 

3 

12 

1 

poor 

12 

7 

1 

1 

2 

2 

fair 

11 

5 

1 

1 

3 

1 

faii- 

26 

7 

2 

43 

- 

faii- 

13 

7 

- 

1 

5 

2 

fair 

12 

11 

1 

2 

4 

1 

fair 

27 

3 

3 

40 

- 

fair 

14 

8 

1 

2 

4 

2 

fair 

13 

4 

2 

4 

6 

2 

fair 

28 

11 

- 

3 

20 

- 

poor 

17 

4 

- 

1 

1 

- 

poor 

*With  2-in 

ch  re 

frac 

tor. 

29 

10 

- 

3 

27 

- 

poor 

18 

8 

- 

1 

1 

1 

good 
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1920 

Time 

New 
Grs. 

Total 
Grs.  Spots 

Fac. 
Grs. 

Del. 

1920 

Time 

New 
Grs. 

Grs 

rotal 

Spots 

Fac. 
Grs. 

Def 

1920 

Time 

Grs. 

Total 
Grs.   Spots 

Fac. 
Grs. 

Def. 

Nov.  L9 

S 

1 

1 

fair 

Dec.     6 

8 

1 

2 

1 

poor 

Dec.  19 

8 

2 

10 

_ 

fail- 

20 

s 

- 

1 

1 

- 

fair 

7 

11 

- 

1 

2 

1 

fail- 

20 

8 

2 

4 

20 

2 

fair 

21 

8 

- 

1 

1 

- 

fair 

8 

9 

1 

1 

2 

1 

fair 

21 

8 

- 

4 

17 

3 

fair 

24 

8 

2 

3 

10 

1 

poor 

10 

12 

- 

1 

2 

- 

poor 

23 

3 

- 

4 

11 

1 

fair 

25 

s 

3 

13 

1 

poor 

11 

8 

- 

1 

4 

- 

fair 

24 

8 

1 

4 

17 

1 

fail- 

26 

s 

1 

3 

10 

1 

poor 

12 

8 

- 

1 

4 

1 

fair 

25 

8 

- 

4 

12 

1 

fair 

Dec.       1 

4 

1 

1 

- 

poor 

14 

8 

- 

1 

2 

1 

fair 

26 

8 

- 

3 

17 

1 

poor 

2 

8 

1 

2 

- 

poor 

1.5 

8 

1 

1 

1 

1 

fair 

28 

8 

- 

4 

26 

2 

poor 

3 

8 

1 

2 

- 

poor 

Hi 

8 

- 

- 

- 

1 

fair 

20 

8 

- 

3 

17 

1 

faii- 

4 

8 

1 

2 

poor 

17 

9 

1 

1 

2 

1 

fair 

30 

8 

- 

3 

17 

1 

fair 

5 

8 

1 

2 

3 

1 

1  i  H  r 

18 

9 

2 

3 

14 

1 

fair 

31 

8 

1 

4 

15 

1 

fail- 

OPPOSITION   EPHEMERIS  OF  EROS   (433),    1921, 

By   FRANK   E.   SEAGRAVE. 


The  following  ephemeris  is  based  upon  the  elements 
given  in  the  "Bahnelemente  der  kleinen  Planeten," 
for  1920. 


ONSTANTS 

x  =  r[9.99464]  sin  (34°  16'  49".94  +  u) 
y  =  ,-[9.94129]  sin  (299  13  42  .30  +  u) 
z  =  r[9.70854]  sin  (319  41  37   .84  +  u) 

Opposition-date,  Sept.  6,  1921. 


1021 

« 

a 

Log  r 

Li  Ig  A 

.Julv    23 

li    ■   m      s 

23  4 1  46 

+   70  13. 

0.23754 

9.98409 

27 

23  11  45 

+   7  52  45. 

0.2361 10 

il.96672 

31 

23  41    4 

+   8  43  52. 

0.23438 

9.94938 

Aug.     4 

23  39  39 

+   9  33  14. 

0.23266 

9.93211 

8 

23  37  28 

+  10  20  10.90 

0.23088 

9.91512 

12 

23  34  30 

+  11     4  12. 

0.22900 

9.89861 

16 

23  30  44 

+  1145    7. 

0.22700 

9.88265 

20 

23  26  11 

+  12  21  52. 

0.22494 

9.86759 

24 

23  20  50 

+  12  53  57. 

0.2227S 

9.85358 

1921 

a 

8 

Log  r 

Log  a 

Aug.   28 

ll         111         s 

23  14  47 

+  13  20    8.60 

0.22056 

9.84098 

Sept.     1 

23    8    7 

+  13  37  55. 

0.21826 

9.83001 

-! 

23    0  57 

+  13  53  31. 

0.21586 

9.82082 

22  53  30 

+  13  59  57. 

0.21338 

9.81369 

13 

22  45  56 

+  13  59  23. 

0.21080 

9.80859 

17 

22  38  28 

+  13  52  19. 

0.20812 

9.80567 

21 

22  31  18 

+  13  39    3. 

0.20538 

9.80499 

25 

22  24  37 

+  13  20  53. 

0.20258 

9.80636 

29 

22  18  34 

+  12  58  31. 

0.19964 

9.80960 

Oct.       3 

22  13  19 

+  12  33  15. 

0.19664 

9.81463  i 

7 

22    8  58 

+  12    6  33. 

0.19356 

9.82109  ! 

11 

22    5  33 

+  11  39  15. 

0.19038 

9.82883  : 

15 

22    3    7 

+  11  12  38. 

0.18714 

9.83753 

19 

22     1  38 

+  10  47  20. 

0.18378 

9.84689 

23 

22     1     8 

+  10  24  28. 

0.18038 

9.85684 

27 

22     1  31 

+  10    3  54. 

0.17688 

9.86713 

31 

22    2  50 

+   9  46  48. 

0.17332 

9.87757 

Nov.     4 

22    4  56 

+   9  32  28. 

0.16966 

9.88808 

S 

22    7  51 

+   9  21  58. 

0.16596 

9.89850  | 

12 

22  11  29 

+   9  15  20.50 

0.1 62  IS 

9.90872 

Id 

22  1 5  49 

+   9  12  25. 

0.15S31 

9.91868 

C  O  N  T  E  NTS. 

Observation     oi    Comet  Tempel  II    by  Ernest  Clare  Bower. 
A  Propos  in.  i. a  Parallaxe  de  Nova  Aquilce,  No.  :!,  par  H.   Philippot. 
Partial  Eclipse  oi   the  Sun,  November   10,   1920,  bi    Eleanor  A.  Lamson. 

Proper-Motions  oi  Certain  Long  Period  \  triable  Stars,  by  Anne  S.  Young  and  Louise  F.  Jenkins. 
I  in    Parallaxes  of  Thirty-four  Stars,  by   Frances  Allen  and  Frank  Schlesinger. 
Sunspot  Observations,  by  A.  W.  Quimby. 
Opposition   Ephemeris  of  Bros  (433),  1921,  by  Frank  E.  Seagrave. 
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OF    DOUBLE    STAR    ORBITS    FROM     ENCOMPLETE 
AN    APPLICATION   TO  THE   ORBIT   OF   -a2   BOOTIS, 

Bi    GEORGE  C.   COMST(  iCK. 


Burnham   has   prol  uently   and   vigon 

agai:  ■lice  of  ili :  i  star  orbits  from 

he  periodic 
time  in  the  orbit.  In  general  one  must  agree  with  the 
justice  of  this  criticism  bu1  uite  possible  that 

in   many   * 
ti  may  be  ob 

ocapable  of  yielding  definitive 
ilts.     rl  he  d  ti  the  i 

limited  pn  i 
fch  inherent  in  them 

ound  that   ■ 
ible  data.     This  is  pi  culiarly 
true  win  n  an  a]  |  lerived  by  plotting  the 

awing  through 
th<  in.  as  the  orbit,  a  smooth  curve,  each  part  of  which 

a  a   few  observations  adjai 
it.     The  case  would  be  much  better  if  the  apparent 
orbil    could   be   made   an   ellipse   each    pari    of   which 
pon,  or  at   leasl   is  controlled   by,   all  of  the 

As   a    contribution    toward   such    a    practice    i    give 
belovi  certairj  based 

i  I   the  ellipse  and  the  elements  of 
the  theory  of  elliptic  motion.     The  fundamental  prin- 
ciple lying  hack  of  them  is  thai  any  relation  conm 
a    recognizable   peculiarity   of   stellar   motion    with    a 
limited    number    (one,    two,    three,)    elements    i 
star's  true  orbit  ci  .mi  aid  to  the  determini  tion 

al  orbil  or  a  control  upoD  the  accuracj  of  the 
these  have  been  otherwise  found. 
Familiar  illustration  of  such  relations  is  furnished  by 
oas  thai  (a)  In  the  apparent  orbil  the  radius 
vector  sweeps  over  equal  areas  in  equal  times,  and  (6) 
The  diameter  passing  through  the  principal  star  is  the 
projection  of  the  major  axis  of  the  true  orbit  and  is 
divided  by  the  star  into  segments  in  the  ratio  1  +  e  : 


1  —  e,   where   e   denotes    the   eccentricity  oi 
orbit.     Few  other  nl.  is  kind  seem  to  have 

found    explicit     recognition    or    common    application, 
i   1  can  find  little  published  reference  to  ■  ■ 
i  orems.     For  their  pn 
the  following  notation:    <>,  i,  X,  e,  a,  '/'.  are  the  common 
symbols  for  elements  of  the  true  orbit.     In  additii 
thesi    -      pul : 


Project  ion  of  the  set  i  tajor,  a,  upon  t  he 

apparent  orbit. 

ion  of  I  he  semi-axis  minor, 
mi-latus  rectum. 
in  <p  =  e. 
r1   of  t  hi    total  area  of  any  ellipse 
included   between   the   vertex   and   tie 
rectum. 
Apparent  di  ween  stars. 

An>  posit  ion  angle. 
Posil  ion  anvle  of  p',  <-\f. 
Posil ion  of  principal  star. 
Centi  r  of  t  he  apparenl  orbit. 


Any  chord  of  the  apparent   orbil   drawn  through  S 

will  be  called  a  stellar  chord. 
I  -e    will    he    made    of    t  he    follow  in  nizable 

feal  tires  of  the  apparent  orbit. 

I.  The  projected  latus  rectum,  //,  is  thai  stellar 
chord  that  is  bisected  by  S.  It  is  also  the  stellar  chord 
SO  drawn  that  the  area  included  between  it  and  thai 
pari  of  the  ellipse  adjacent  to  thi  vertex  is  bisected  by 
a'. 

II.  The  diameter  of  the  apparent  orbil  parallel  to 
//  is  //. 

III.  If  any  number  of  mutually  parallel  chords  be 
bisected  their  middle  points  will  fall  on  and  identify  a 

(139) 
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diameter  of  the  apparent  orbit.  If  these  chords  arc 
parallel  to  //  the  diameter  determined  by  them  is  a'. 
If  the  chords  are  parallel  to  a'  the  resulting  diameter  is 

Theorems 

1.  In  a  system  of  oblique  coordinates  whose  origin 
is  at  ('.  whose  x  axis  is  </'  and  y  axis,  1/ ,  let  any  chord 
parallel  to  b'  be  identified  by  the  abscissa  x'  of  the 
point  in  which  it  cuts  a'.  If  tangents  to  the  ellipse  be 
drawn  at  the  extremities  of  any  such  chord  their  inter- 
section will  fall  on  a'  produced  and  the  abscissa,  x,  of 
this  point  will  satisfy  the  relation  xx'  =  a'2.  If  the 
chord  in  question  be  p'  the  last  relation  becomes 


(1) 


Corollary.  The  diameter  a'  determined  by  bisecting 
any  system  of  chords  parallel  to  p' ,  must,  when  pro- 
duced, pass  through  the  intersection  of  the  tangents 
drawn  at  the  extremities  of  each  such  chord.  Through 
this  relation  the  determination  of  a'  may  be  much 
strengthened. 

2.  Let  the  distance  CS  be  represented  by  n  and  the 
distance  from  S  to  the  intersection  of  the  tangents 
drawn  to  the  extremities  of  p'  be  called  A,  then 


e2  =  sin2  <p    =  n/(n  +  A) 
tan2  if  =  m/A 


(2) 


3.      bet    (/'  denote   the  distance,  s,  between  the  stars 
when  at  periastron.      We  shall  then  have 


eA/1  +  e 


(3) 


Since  the  determination  of  A  and  the  resulting  value 
.i  by  theorem  2  have  not  involved  the  part  of  the 
orbit  immediately  adjacent  to  the  periastron,  equation 
3  furnishes  a  control  upon  the  construction  of  that 
part  of  the  orbit  that  is  needed  in  connection  with  the 
following  theorem. 

4.      In  the  notation  of  theorem   1  let   there  lie  intro- 
duced an  auxiliary  angle  j~  defined  by  the  relation 

x'  =  a'  cos  { 

ami  denote  l,y  .1  the  fractional  part  of  the  area  of  the 
ellipse  included  between  the  chord  x'  and  the  vertex 
of  the  ellipse.      We  shall  then  find 


If  the  chord  wdiose  abscissa  is  x'  be  identified  with  p' 
we  shall  have  cos  f  =  e  and  with  this  value  of  the 
argument  A,  has  been  computed  from  equation  4  and 
is  tabulated  below  as  a  function  of  e. 

Let  a  series  of  equidistant  chords  be  drawn  parallel 
to  p'  with  the  common  distance  between  them,  meas- 
ured along  «',  equal  to  q' .  The  argument  f  correspond- 
ing the  to  nth  such  chord  may  be  found  from 


cos  <f„  =  nc 


(n  -  1) 


(5) 


through  which  and  equation  4  the  several  areas, 
A„,  corresponding  to  the  chords  may  be  computed. 
Let  us  now  put 


A„  -  A„. 
.4, 


Ri,  n 


(6) 


and  tabulate  R  as  a  function  of  e  as  is  done  below-  in 
Table  I.  The  use  of  the  table  is  as  follows:  In  any 
apparent  orbit  draw  p'  ami  draw  also  a  second  chord 
parallel  to  />'  and  cutting  a'  at  a  distance  </  from  S. 
Measure  .1,  and  .b.  i.e.,  the  areas  included  between 
these  chords  and  the  vertex,  and  by  division  find  a 
numerical  value  for  R12  =  (A2  -  A{)/Ax.  With  tins 
value  of  Rvi  as  argument  the  eccentricity  of  the  orbit 
may  be  interpolated  from  Table  I.  A  third  chord 
may  also  be  drawn  at  a  distance  2q'  from  p'  and  used 
in  a  similar  manner  through  the  relations 


.1 


A%/ A,  =  Ru 


2  tt  A  =  2  f  -  sin  2  f 


(4) 


The  minor  axis  //  being  a  chord  parallel  to  p'  may  be 
used  in  a  manner  similar  to  the  above  by  means  of 
the  quantity  Rub  whose  values  are  also  given  in 
Table  I. 

5.  Let  the  observed  times  of  transit  of  the  conies 
pa-t  the  extremities  of  a',  b',  p',  (read  from  the  8- 
curve  i.e.,  a  curve  in  which  the  position  angles  are 
plotted  to  the  time  as  argument)  be  as  follows: 

Minor  Axis,  b',  rI\  and  T5 
Latus  rectum,  p',  T->  and  T4 

Major  axis,  «',  T3 


With  these  data  we  shall  have 

Periastron  Passage: 
T  =  Ts  =  (T4  +  Ty/2  =  (r6  +  TO/2 

Periodic  Time: 
P  =  (T,  -  T^/A,  =  F{T,  -  TO  /A,. 


(7) 
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The  factor  F  required  in  the  last  of  these  equations, 
F  =  2irA1/(ir  -  2<  ) 

is  tabulated  in  Table  I. 

This  factor  also  satisfies  the  relation 

f  =  (T4  -  ro/(r.  -  z*i)        •      (8) 

through  which  a  value  of  the  eccentricity,  dependent 
only  upon  the  observed  times,  may  be  found  by  inter- 
polation from  the  table.  Agreement  between  the 
different  values  of  T  and  P  found  as  above  will  serve 
as  a  useful  control. 

6.  The  ana  A„  included  between  the  apastron 
pari  of  the  ellipse  and  a  chord  drawn  through  the 
vacant  focus  of  the  orbil  parallel  to  b'  equals  A\  but 
the  relation  of  this  area  to  the  star's  motion  is  whollj 
different  from  that   which  obtains  for  the  correspond- 

egmenl  adjacent  to  periastron.  In  Table  I  the 
column  headed  T„  shows  the  ratio  between  the  periodic 
time  and  the  time  required  by  the  star  to  traverse 
that  part  of  the  ellipse  bounding  A„.  It  may  be  of 
use  in  those  cases  in  which  the  available  observations 
arc  -o  clustered  about  apastron  as  to  permit  a  deter- 
mination of  the  position  of  the  vacant  focus. 

7.  If  we  represent  by  a  and  tf  the  semi-axes  of  am 
apparent  orbit  we  may  find  the  relation 


a-'  +  02  =  (,'-  +  6'-   =  A'- 


(1)1 


where  /.'  denotes  the  radius  of  an  auxiliary  circle  whose 
center  falls  at  the  center  of  the  ellipse.  It  is  a  proper- 
ty of  this  auxiliary  circle  that  if  there  be  drawn  to  the 
ellipse  any  two  tangents  that  intersect  at  righl  angles, 
their  point  of  intersection  will  fall  on  the  circumference 
of  tin-  circle.  By  use  of  a  straight  edge  and  a  draught- 
man's  triangle  applied  to  the  observed  path  of  the 
points  on  the  auxiliary  circle  may  very  readily 
be  found  through  this  relation. 

When  observations  covering  a  complete  revolution 
in  the  orbil  are  available  this  theorem  furnishes. 
through  the  use  of  dividers  and  the  method  of  trial 
and  error,  an  excellent  graphical  adjustment  through 
which  an  ellipse  may  be  found,  every  part  of  which 
depends  upon  all  of  the  available  data;  e.g.  draw  the 
auxiliary  circle  by  mi  ans  of  t he  intersections  of  tangents 
and  within  it  draw  from  opposite  extremities  of  a 
diameter  two  chords  of  length-  respectively  equal  to 
parent  values  of  2a'  and  26'  or  2a.  2/1  The  free 
ends  of  these  chords  should  coincide  and  if  they  do  not 
fall  at  the  same  point  an  adjustment  is  called  for, 
after  which  an  ellipse  may  be  drawn   with   the  given 


center  and  the  adjusted  alius  of  o  and  /3.  A  corollary 
to  the  foregoing  principle  is:  That  chord  of  the  auxil- 
iary circle  which  passes  through  the  periastron  point 
perpendicular  to  o'  equals  26'. 

When  the  observations  cover  only  a  part  of  the  orbit 
it  i-  frequently  possible  to  obtain  a  fair  approximation 
to  the  auxiliary  circle  from  its  limited  arc  determined 
by  the  data. 

8.  Through  the  center  of  the  apparent  orbit  draw 
a  line  parallel  to  p'  in  the  direction  whose  position  angle 
balls  nearest  to  ill)  -[■  Ihi  and  upon  it  locate  the  point 
H  at  a  distance  from  the  center  equal  to  b'  sec  tp  or 
//sec'-'  <p.  Also  represent  by  A  the  periastron  point,  i.e., 
the  extremity  of  a'.  Introduce  a  system  of  rectangular 
coordinates  whose  center  is  at  the  center  of  the  ellipse 
whose    .r-axis    is    parallel    to    the    line    of    nodes,    and    in 

which  the  quadrants  are  so  chosen  t  hat  t  he  y  coordinate 
of  .1  is  a  positive  number.  If  the  coordinates  of  .1 
and  />'  in  this  system  are  respectively  x,  y,  £,  >j.  they 
will  sat  isfy  t  he  relat  ion, 


•>'.'/   +    s>?    =   0 


(111) 


Conversely,  if  by  trial  an  axis  is  found  for  which  this 
relation  among  the  coordinates  is  satisfied  one  of  the 
axes  of  this  system,  x  or  y,  will  be  the  line  of  nodes. 
A  criterion  by  which  to  remove  the  ambiguity  as  to 
which  axis  should  be  chosen  is  furnished  by  the  aux- 
iliary quantity, 


D  =  (jji  +  p)  _  Uf.  +  ,«) 


(11) 


If  1)  is  positive  the  line  of  nodes  is  parallel  to  the 
.c-axis;  if  negative  to  the  //-axis.  In  the  latter  case 
the  names  of  the  coordinates  should  be  interchanged, 
x  for  //.  i)  for  £,  before  making  further  use  of  them. 

The   process   of   finding   the   line   of    les   by    the 

method  of  trial  and  error  may  be  greatly  facilitated  by 
noting  that  the  products  xy  and  £tj  represent  respect- 
lively  double  the  areas  of  the  triangles  formed  by 
xya'  and  £176'  (produced).  If  by  means  of  a  straight 
edge  and  a  pair  of  draughtsman  triangles  xyd'  and 
£176'  be  made  visible  upon  the  paper  containing  the 
ni  orbil  a  fair  approximation  to  an  axis  that  will 
furnish  this  equality  of  the  two  figures  may  be  made 
by  mere  inspection.  Le1  the  coordinate-  be  measured 
with   respeel    to  an  axis  thus  found  and  put 

■<"  y  +  £  V  =  " 

The  angle  through  which  the  .r-axis  must  be  turned 
to  bring  it  into  coincidence  with  the  line  of  nodes  and 
the  resulting  corrections   to   the  coordinates   may   then 
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be  read  from  a   single  setting  of  a  slide  rule  through 
the  following  differential  relations: 


+  57.3 


+  y 


a  y 


M 

+  v 


_  t 


-B    "2) 


9.  The  several  coordinates  of  Theorem  9,  when 
referred  to  the  line  of  nodes  are  connected  with  the 
elements  of  the  true  orbit  through  the  following 
relations: 


a  cos  X  = 

a  sin  X    = 


k 


a  cos  X  cos  i  =  i\ 
a  sin  X  cos  i  =  y 


(13) 


10.  Let  A"  =  0O  —  6P  =  6b  -  ea,  be  the  acute  angle 
1"  tween  the  projected  major  and  minor  axes  a',  V  of 
the  true  orbit.  It  is  related  to  certain  elements  of 
thai   orbit  through  the  equation 


tan  i  sin  i  sin  2X  tan  X  =  2 


(14) 


The  angle  X  is  always  well  determined  by  equation  13 
if  the  coordinates  can  be  measured,  but  i  will  be  poorly 
determined  if  the  inclination  is  small.  In  such  case 
we  introduce  into  equation  14  the  value  of  X  given  by 
eciuation  13  and  solve  for  i  by  the  introduction  of 
an    auxiliary  angle  as  follows: 


cot   \f   =  tan  A"  sin  2X 

la ii  i     =  sei'  (  15°  +  Yi^)  \/sin  i/- 


(15) 


The  angle  A"  furnishes  immediately  an  indication  of 
the  smallest  possible  value  of  the  inclination  of  the 
orbit  plain,  through  the  relation  i„„„  =  K  -  X 
where  K  is  a  function  of  A*  which  between  the  limits 
30  A"  85  'lues  not  differ  more  than  6°  from  its 
mean  value  of  110°.  For  A"  =  90°  and  A"  =  0°,  K  = 
1IU  . 


0.0 
.1 
.2 
.3 

.1 


0.500  ( 
.436  ( 
.374, 
.312, 
.252  , 
.5  .195  ] 
.0  .142' 
.7  .004 
.052' 
.019' 
0.000 


.8 

.!» 

1.0 


Table 

I 

Ri,s 

R 

A'i,  ft 

F 

T„ 

e 

1.00 

0.00 

1.00 

0.50 

0.(1 

1.17 

o.i;. 

.93 

.50 

.1 

1.30 

0.34 

.86 

.49 

.2 

1.40 

0.60 

.77 

.49 

.3 

1.48 

1.28 

0.99 

.68 

.48 

.4 

L.56 

1.56 

1.56 

.57 

.47 

.."> 

1.62 

1.78 

2.52 

.46 

.45 

.6 

L.68 

L.96 

5.3 

.34 

.41 

.7 

1.74 

2.11 

8.6 

.21 

.36 

.8 

1.78 

2.25 

51. 

.09 

.27 

.9 

L.83 

2.37 

o= 

0.00 

0.00 

1.0 

11.  Let  that  stellar  chord  of  the  apparent  orbit 
which  is  perpendicular  to  the  line  of  nodes  be  divided 
by  S  into  the  parts  r  and  r'.  then  will  these  parts 
satisfy   the   relation 


a  cos2  <p  cos  i  (r  +  r')  =  2rr' 


(16) 


If  the  chord  be  taken  parallel  to  the  line  of  nodes  the 
corresponding  relation  is 


(i  cos2  v-  (r  +  r') 


(17) 


For  a  first  application  of  the  theorems  above  set 
forth  I  have  chosen  the  star  /r  Bootis,  Buknham 
G.  C.  7259.  Ten  determinations  of  the  orbit  of  this 
star  are  summarized  by  Lewis,  Memoirs  R.  A.  S., 
Vol.  LVI,  p.  420,  but  all  of  them  are  curtly  dismissed 
by  BriiXHAM,  G.  ('.,  p.  6S4,  with  the  remark  "Nothing 
whatever  is  known  of  any  element  of  the  orbit  and 
nothing  can  be  known  for  at  least  another  half  cen- 
tury." A  feature  common  to  most  if  not  all  of  these 
determinations  is  their  use  of  and  dependence  upon 
the  somewhat  uncertain  observations  made  prior  to 
1825  and  in  particular  degree  they  depend  largely 
upon  two  isolated  estimates  of  position  angle  made  by 
W.  Herschel.  Although  these  early  observations 
increase  by  forty  years  the  time  covered  by  the  avail- 
able data.  I  have  deemed  it  best  to  reject  them  and 
for  the  present  make  use  only  of  the  observations 
subsequent  to  1825  as  collected  by  Lewis,  Joe.  cit., 
supplemented  by  ."i7  observations  of  my  own,  1897  — 
1919,  in  part  unpublished,  and  a  smaller  number  of 
observations  by  Aitken  and  Van  Biesbroeck  falling 
within  the  same  period  as  my  own.  From  Lewis' 
i  have  rejected  a  half  dozen  printed  results  which 
are  either  too  discordant  or  represent  only  a  single 
night's  work  by  a  casual  observer.  The  adopted 
position  angles  and  distances,  0.  s,  reduced  for  precession 
bo  the  equinox  of  1900.0,  have  been  separately  plotted 
against  the  time  as  an  argument,  smooth  curves  drawn 
through  the  plotted  points  and  a  graphical  adjustment 
of  them  made  through  the  relation  s2  dB/dt  =  c.  It 
here  becomes  apparent  that  the  discordances  between 
i  he  observed  data  and  the  rigorous  condition  thus 
sought  to  lie  imposed  upon  them  is  of  a  systematic 
character,  the  observed  values  of  c  presenting  slight 
but  distinct  minima  about  the  epochs  1860,  1910 
an<l  maxima  near  1835  and  1S85.  The  double  ampli- 
tude of  the  variation  is  approximately  five  per  cent 
of  the  mean  value  of  c.  It  does  not  seem  feasible  to 
determine  at  this  time  whether  this  variability  arises 
from  perturbations  in  the  motion  of  the  star  or  from 


N°-  785 


THE     A  S  T  R  0  N  O  M  I  C  A  I.     JOURNAL 


143 


an  accumulation  of  fortuitous  errors  in  the  observa- 
tions. I  have  sought  in  avoid  Us  effect  as  far  as 
possible  by  substituting  for  the  observed  distances, 
s,  a  curve  deduced  from  the  slope  of  the  9-curve  using 
for  this  purpose  an  average  value  of  the  constant, 
r  =  0.0564  square  seconds  per  annum.  The  maximum 
discrepancy  between  the  values  thus  obtained  and  a 
mean  of  those  directly  observed  is  ()  —  ('  =  — 0".07 
for  the  epoch   L868. 

Position  angles  and  distances  read  from  the  adjusted 
curves  for  the  beginning  of  each  year  whose  number  is 
a  multiple  of  5  were  then  plotted  so  as  to  show  the 
relative  positions  of  the  stars  upon  a  scale  of  I00mm  = 
1",  and  a  smooth  curve  was  drawn  through  the  result- 
ing points.  This  curve  was  then  tested  by  and  ad- 
justed to  satisfy  as  nearly  as  possible  the  principles 
above  se1  forth  under  III,  I.  2,  '■>.  The  resulting 
modifications  of  the  curve  caused  it  no  longer  to  pass 
through  all  of  the  plotted  points  hut  its  maximum 
departure  from  them  is  0".05  lor  the  poorly  determined 
point  of  dati    IsMO.u  and  0".03  lor  the  epoch  1865.0. 

To  avoid  the  effect  of  prejudice  sometimes  alleged 
to  t  \i-t  in  favor  of  the  smallest  orbil  that  will  fit  the 
data.  I  have  a1  no  time  attempted  to  draw  a  complete 
to  represent  the  orbit.  The  subsequent  pro- 
cedure relates  to  and  involves  only  that  part  of  the 
apparent  orbil  within  the  range  of  observation  and 
defin.il  above.  Five  points  on  the  auxiliary  circle 
having  been  plotted  (theorem  7)  the  center.  C,  and 
radius,  A',  of  the  circle  corresponding  to  them  was 
I  by  trial  and  an  independent  determination  of 
the  center  was  made  from  theorem  1.  The  two 
determinations  differ  aboul  2"""  in  fixing  the  position 
of  the  center  of  the  orbil  and  provisionally  1  adopt  a 
mean  of  the  two  tesults.  This  adopted  position  of  C 
is  now  to  he  controlled  through  three  different  methods 
as  follows: 

The  projected  latus-rectum  and  minor  axis, 
//.  //.  are  now  drawn  in  accordance  with  I  and  the 
measured  value  of  2b'  given  directly  by  the  plotted 
curve  is  compared  with  two  values  of  its  length  ob- 
tained indirectly  through  theorem  7,  as  follows: 


26'  =  171.3" 
171.5 

17(i.:> 


Measured  value 

Th.  7 

Th.  7     Corollary 


The  agreement  while  not  absolute  seems  adequate. 

(b)  We  read  from  the  plotted  orbil  position  angles 
of  the  extremities  of  a',  b' ,  //,  as  shown  below  and 
find  from  the  0-curve  the  times  corresponding  to  these 
position  angles  of  the  star,  viz. 


Peri    si  ron   Passage 
6  Date 


V 

327.9 

1827.0  =  7\ 

I1' 

294.1 

1845.2  =  Tn 

a' 

192.8 

1864.4        V; 

1864.4 

/'' 

11  1.1 

1884.2        7', 

64.7 

V 

7().'_' 

1902.1  =   T 

64.6 

From  the  observed  time:--  we  find  by  equation  7,  the 
times  of  periastron  passage  shown  in  the  last  column 
of  the  table.     Here  the  agreement   seems  adequate. 

(c)  We  find  -i\  dearly  independent  values  of  the 
eccentricity  as  shown  in  i  he  following  table  where  the 
last  column  indicates  the  relation  employed  for  finding 
each  value  of  e. 


'heorem 

* 

Rela 

ion 

1 

II.  51 

/'■  "' 

.53 

/>':   V 

2 

.5  1 

y.,  A 

I 

.53 

/',,   2 

1 

.52 

Ri,  /- 

5 

.:,:, 

/•' 

The  value  lasl  given  is  found  from  the  dates  used  above 
in  determining  the  time  of  periastron  passage  as 
follow    : 

F  =  39.0  ^  75.1  =  l). 52. 

and  by  interpolat  ion  in  Tabli    I  with  mber  as 

argument    we  find   i    -    0.55.     The  agreement    inter  se 
of  the  several  values  shown  under  (a), 
constitute    a    substantial    control    upon    the    adopted 
position  of  the  center  of  the  orbit   .and   1   adopt   from 
(c)  as  a  definitn  e  result  e  =   0.53. 

Reverting  to  ilieui.au  5  and  to  the  times  T>,  7'-,  Ts 
etc.,  above  given,  we  now  find  for  the  periodic  time 
in  the  orbit , 

P  =     (T.,  -  TV) /Mi  =  39.0  0.179  =  218  years 

=  F(Tt  -  To    .1,  =   I!. 54  x  75.1    0.179  =  226 

The  second  determination  is  presumably  the  better 
and  1  adopt  as  a  weighted  mean  result,  /'  =  221  years. 
Turning  next  to  theorem  8,  inspection  of  the  plotted 
path  of  the  star  shows  that  the  line  of  nodes  must  fall 
very  near  the  position  angle  9=  180°.  Putting 
sin  <p  =  0.53  we  find  lor  t  he  point  B,  b'  sec  tp  =  101.0""" 
and  with  this  value  we  obtain  for  Hie  coordinates, 
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x  =  +    123.3" 
y  =  +     28.5 
xy  =  +3514. 


i.  =  -     42.1" 
17  =  +     92.5 
tv  =   -3894. 


D  =  +7707 
a   =    -    380 


The  positive  sign  of  £>  shows  that  the  line  of  nodes  is 
adjacenl  to  the  x-axis.   Equation  12  applied  to  these 
numbers  furnishes  the  relations 


A  x 


Ay 


+  57.3        +31.5         -  122.5 


+  91.4 


380 


44.4        +  7707 


from  which  and  equation  13  we  obtain  the  following 
corrected  coordinates  and  elements  of  the  orbit.  As  a 
minor  refinement  I  have  used  in  determining'  A.r, 
a  mean  of  the  measured  and  corrected  values  of  y  ,  etc. 

A0  =  -     2°.8   x  =  +    121.74     i  =   -      46.62 
y  =  +  34.54       v  =  +     90.31 
a    =       177.2     xy  =  +4205      £1,  =  -421(1 

X  =  21°.0 
i   =  42.1 
a  =  130.3mm 
=  1".30 

As  a  control  upon  the  values  of  the  elements  thus 
found  we  have  from  the  determinations  of  T, 


X 


-  6b  =  78°.7 


and  from  equation  15  with  the  value  of  X  found  above 
we  obtain  i  =  41°. 9  for  comparison  with  the  previous 
determination.  I  adopt  as  a  definite  nsult  i  =  42°. 0. 
As  a  final  control  we  have  recourse  to  equation  16 
and  find  for  the  stellar  chord  whose  position  angle  is 
87°.2 

r  =  56.3     r'  =  82.4     and 
log  a  cus-  v-  cos  i  (r  +  r')  =  3.983 
log  2r  /  =  3.970 

The  disparity  between  these  numbers  is  of  the  same 
order  of  magnitude  as  that  found  among  the  checks 
liit licit i »  applied. 

The  crucial  point  in  the  foregoing  investigation  is 
the  adopted  position  of  the  center  of  the  apparent 
orbit,  C.  No  one  of  the  methods  employed  for  this 
purpose  is  conclusive  or  even  satisfactory,  but  the 
agreement  of  the  several  values  of  the  eccentricity 
above  found  from  diverse  data  may  lie  regardi  d  as 
confirming  the  adopted  position.  In  smaller  measure 
a  like  conclusion  may  be  drawn  from  the  several  values 


of  b',  T,  P  and  i.  Nevertheless,  I  have  tried  shifting 
the  center,  C,  to  and  fro  along  the  axis  a'  to  determine 
within  what  limits  its  position  may  be  varied  without 
contradicting  too  strongly  the  direct  testimony  of  the 
observations.  Expressing  the  limits  thus  found  in 
terms  of  the  resulting  eccentricity  the  conclusion  is 
that 

0.50  <  e  <  0.57. 

I  have  determined  the  values  of  the  orbit  elements 
corresponding  to  these  limits  of  e  as  shown  in  the 
following  table  for  comparison  with  those  resulting 
from  the  adopted  value,  e  =  0.53. 


Variation  of  e 

0.50              0.53 

0.57 

O                                        0 

o 

20.5           21.0 

20. 1 

177.6          177.2 

177.4 

43.0           42.0 

41.1 

1.24           1.30 

1.36 

It  will  he  seen  that  (hose  elements  which  fix  the  posi- 
tion of  the  orbM  are  but  little  influenced  by  the  eccen- 
tricity and  their  values  may  be  considered  well  deter- 
mined. This  is  also  true  in  principle  of  the  time  of 
periastron  passage,  T,  bu1  the  periodic  time  and  the 
major  axis,  P  and  a,  are  closely  related  to  e  and  share 
in  its  measure  of  uncertainty. 

Collecting  results  we  have  for  the  adopted  elements 
of  the  orbit  of  n2  Buotis 


1900.0 


p 

= 

22  1 

years 

T 

= 

L864.6 

& 

= 

177c 

•2) 

i 

= 

42 

.()>  1 

X 

= 

21c 

.o) 

i 

= 

0. 

53 

« 

= 

1. 

30 

// 

= 

-1 

.607 

These  elements  are  in  fail  accord  with  those  of 
Jackson,  M.X.,  h'.A.S.,  March,  1920,  hut  they 
agree  even  more  closely  with  those  obtained  by  Sep;, 
Evolution  of  the  Stellar  Systems,  a  quarter  century 
ago.  Their  detailed  comparison  with  the  data  em- 
ployed should  yield  residuals  differing  hut  little  from 
those  presented  by  Ski:  at  p.  167  of  the  work  cited. 
I  therefore  abstain  from  such  a  comparison  but  give 
below  an  ephemeris,  1900 — 1940,  and  a  comparison 
of   that    ephemeris    with    the   simple    mean   of   the   un- 
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adjusted  observations  subsequenl  to  See's  epoch,  thai 
were  used  in  determining  the  apparent  orbit.  Cuni- 
pare  the  possibly  systematic  character  of  the  values 
of  0  —  C  here  shown  with  what  is  above  noted  as  to 
the  apparently  variable  areal  velocity  in  this  orbit. 

I  have  also  compared  the  adopted  elements  with 
the  five  observations  made  prior  to  1S25  which  were 
not  used  in  deriving  the  orbit,  viz.: 


Date 

Obs'r 

Nights 

Obs'd 

0  — C. 

Obs'i 

1782.68 

H 

1 

357.2 

-2.8 

L802.86 

H 

1 

346.2 

-2.6 

22.21 

2 

2 

330.7 

-3.3 

23.4 1 

Sn 

3 

333.7 

+  0.11 

1.65 

24.44 

s 

5 

333.5 

+  1.7 

1.43 

-  0.36 

+  .17 


The  discordances  here  shown  arc  somewhat   less  than 


those  found  by  See  from  his  orbil  which  is  based  upon 
t  hese  observations. 


1  Iphemeeis 

OF   M" 

Bootis 

Date 

e 

• 

O- 

-C 

1900.0 

75.0 

0.95 

0.6 

-.01 

05 

66.8 

1.01 

-1.8 

-  .02 

10 

59.8 

1.13 

-0.8 

.00 

L5 

53.5 

L.22 

4-1.0 

.00 

20 

1S.1 

i.:;i 

25 

13.5 

1.40 

30 

39.5 

1.48 

35 

35.8 

1.55 

4(1 

32.2 

1.62 

'ashburn  Observa 

lory. 

February,  1921 

SEARCH   EPHEMERIS  FOR   (925)   ALPHONSINA, 

By   BANCROFT   WALKEB    SITTERLY. 


This  ephemeris  is  calculated  from  the  elements 
published  in  the  Astronomical  Journal,  No.  770.  Octo- 
ber 30,  1920.  The  time  of  opposition  is  May  21st, 
when  the  asteroid  should  be  about  the  eleventh  mag- 
nit  ude. 


May 


T. 

a  vera 

■i  vera 

h       m        s 

o          / 

3.5 

15  40  36 

-49  25.3 

7..") 

36    3 

49  16.2 

11.5 

31  19 

49     1.8 

15.5 

26  32 

48  42.1 

19.5 

21  49 

48  17.5 

log  A 


0.4322     0.2604 


0.4333     0.2546 


0.4344     0.2524 


log  i 


May  23.5 

15  17  16 

-47   IS. 2 

27.5 

12  57 

47  14.(5 

0.4355 

May  31.5 

s  58 

46  37.3 

June    4..j 

5  23 

15  56.9 

0.4365 

8.5 

15    2  16 

45  14.1 

L2.5 

1  1  59  39 

44  29.5 

0.4376 

16.5 

57  3  1 

43  43. S 

20.5 

56    0 

42  57.7 

0.4386 

24.5 

54  58 

42  11.7 

June  28.5 

14  54  29 

-41  26.4 

0.4397 

Princeton  University  Observatory 
March,  1921 


log  A 


0.2539 


0.2590 


0.2077 


0.2791 


0.2936 


NOTE. 


To  Double-Star  Observers: 

In  accordance  with  the  wishes  of  my  friend,  the  late 
Professor  Eric  Doolittle,  and  my  promise  made 
to  him  in  1919,  I  have  undertaken  the  completion  of 
the  Extension  to  Burnham's  General  Catalogue  of 
Double  Stars  upon  which  he  had  been  engaged  since 
1913  when  Professor  Burnham  turned  over  to  him 
the  data  he  had  collected.  This  arrangement  has 
Professor  Burnham's  cordial  approval. 

The  work  should  be  published  at  the  earliest  prac- 
ticable date  and  I  have  Director  Campbell's  assur- 


ance  of  such  assistance  on  the  part  of  the  Lick  <  (bserva- 
tory  as  may  be  needed  to  complete  the  manuscript 
Cor  t  he  printer. 

I  respectfully  request  all  double  star  observers  to 
cooperate  by  sending  me  copies  of  their  papers  printed 
in  the  present  year  as  well  as  of  those  which  they 
publish  later. 


ROBERT   G.  AITKEN. 


Mount  Hamilton,  California, 

November  5,  1920. 
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An  additional  determination  of  the  parallax  of 
Betelgeuse  has  jusl  been  completed  hero  and  because 
of  the  extraordinary  interesl  of  this  star  it  is  published 
at  this  time.  It  was  placed  on  the  parallax  program 
in  October  1916.  Sixteen  plates,  covering  mure  than 
four  ;  ig  30  exposures  and 

7  epochs,   wen    used.     The  resulting  relative  parallax 
is  +0".017    ±0".007. 

Four  independent  values  of  the  parallax  by  three 
different  methods  are  now  available.     They  are 


THE   PARALLAX   OF    a   ORIONIS, 

By   OLIVER   J.    LEE. 

Assuming,  arbitrarily,  a  probable  error  of  ±0".004 
for  the  spectroscopic  value  in  this  case,  these  give  a 
mean  of  +0".0154,  absolute. 

The  first  fruit  of  the  labor  of  Professob  Michelson 
and  of  his  a1    Mount   Wilson  in   observing 

angular  stellar  diameters  is  the  value  0".046  for  B  i  !- 
geuse.     IV  tigle,   the  linear  diameter  is   2.98 

astronomical 


Elkin:  Heliometer. 

+0".024    ±0".024,  relative,  or  +  0".031  al 


Schlesinger:   Photography, 
+  0".013    =*=0".007 

Adams  and  Joy:  Spei  troscopic 


Lee:  Photography, 
+  0".017    ±0".007 


+0".012 


+0".022 


The  value  by  Adams  and  Joy  alone  gives         3.8  A.  U. 
The  iir  klesinger  and  Lee  gives         2.3  A.  U. 

The  value  by  Elkin  gives  1.5  A.  U. 

It    is    interesting    to    note    in    this    connection    that 
Eddini   ro  la    diameter    which    is    only    11 

per    cent,    greater    and    Russell    predicted    a    value 
34  per  cent,  smaller  than  that  measun 
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THE  PONS-WINNECKE  COMET, 

By  FRANK  E.   SEAGRAVE. 


Dr.  Crommelin  has  published  the  following  approx- 
imate elements  of  the  Pons-Winnecke  Comet  in  the 
February.  1921,  number  of  The  Observatory: 

T  =  1921,  June  15  ±10  days. 
q  =  1.01 
co  =  174= 

The    following    Ephemeris    is     based     upon 
elements: 


96° 
L9   30' 

27(1 


L921 

April  14 
18 
22 
26 
30 
4 
8 
12 


May 


15  41 

15  48 

16  6 

16  17 
16  29 

16  11 

17  2 


+41  26 
+  43  9 
+  44  51 
4-  10  30 

-  |s  s 
■  19  12 
+  51  13 


log  r 

0.12170 
0.11078 
0.09990 

0.07852 
0.06818 
0.05822 
0.04870 


leg  A 

9.68996 
9.66074 
9.63021 
9.59830 
9.56439 
9.52818 
9.48918 
9.44669 


During  the  interval  August  4-15  in  1018.  the  Comet 
was  only  a  little  more  than  l  2  an  astronomical  unit 
from  JupiU  perturbations  were  large. 

The  following  Ephemeris  is  based  upon  June  22, 
1921,  Gr.  noon,  as  perihelion  time. 


1921 

April  12 
10 
20 
24 
28 
2 
6 
10 


Log 


May 


14  31 
14  31 
14  31 
14  30 
1 4  29 
14  28 
14  27 
14  26 


+  4-1  15 

0.14622 

9.74784 

0.13550 

0.72152 

+47  26 

0.12448 

0.70075 

-  is  54 

0.11352 

0.07010 

0.10200 

0.050-15 

+51  37 

0.0017s 

0.02341 

+52  40 

•  110 

9.59461 

0.07  I 

9.56342 

C  O  N  T  E  N  T  S  . 

On  Tin  '•"  ■■!  i    ■- 1  u    0   i us  from  Incomplete  Data,   Fikst  Paper,  with  an  Application  to  the  Orbit  of 

»  '   IMSTOCK. 

Search  Ephi  koft  Walker  Sitterly. 

;\  ers,  by  r.obert  ' 
The  Parallax  of  a                      i  I  'i  n    b    I     Lee. 
The  Pot  by  Frank  E.  Seagrave. 
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OX   THE   PERIOD-ECCENTRICITY   RELATION   IN   BINARY   SYSTEMS, 

By    RALPH    E.    WILSON. 


For  some  years  it  has  been  considered  a-  well  estab- 
lished that  the  eccentricities  in  binary  systems,  spectro- 
scopic and  visual,  increase  in  the  mean  with  the  periods. 
Largely  because  of  the  lack  of  data,  further  study  of 
the  peculiarities  of  this  relation  has  been  neglected, 
although  in  1918  Aitken  published*  tables,  based  upon 
187  orbits,  showing  the  trend  of  the  increase  and  called 
attention  to  an  apparent  maximum  of  eccentricity  in 
spectroscopic  systems  having  periods  from  20  to  50 
days. 

In  seeking  a  possible  explanation  of  the  apparent 
non-uniformity  of  the  curve  representing  the  period- 
eccentricity  relation, 'I  have  collected  the  data  on  253 
orbits  now  available.  The  eighteen  Cepheid  variables 
were  rejected  for  obvious  reasons,  leaving  235  systems 
for  consideration.  Two0  of  these  are  triple  systems  in 
which  two  values  each  of  period  and  eccentricity  are 
available.  Of  the  total  151  are  spectroscopic  systems. 
In  order  to  secure  fairly  uniform  weight  for  each 
period-group,  the  material  has  been  divided  into 
groups  of  8-25,  25-100,  days  and  100  days  to  5  years 
instead  of  8-20,  20-50,  50-150  and  150+  days,  as  was 

*  "The  Binary  Stars,"  p.   197,  191S. 
0  ,3  Persei  and  k  Pegasi. 


done  by  Aitken.  All  the  spectroscopic  binaries  hav- 
ing periods  greater  than  five  years  have  been  combined 
with  the  visual  binaries  in  their  respective  groups. 
The  mean  eccentricities  and  the  number  of  stars  in 
each  group  are  given  in  the  third  and  fourth  columns  of 
Table  I  while  the  curve  representing  the  period- 
eccentricity  relation  is  shown  in  Fig.  1. 


(Jre.f./ 


In;.   1.     Mean  Period-Eccentricity  Curve. 


Table  I.     Mean  Period-Eccentricity  Relation 


Croup 


Period 


Type  I 


Type  II 


Giant 


Dwarf 


1 

0-4 

days 

0.046 

44 

0.044 

37 

0.057 

7 

0.047 

38 

0.010 

1 

2 

4-8 

115 

24 

109 

20 

142 

4 

114 

19 

020 

3 

3 

8-25 

231 

30 

268 

18 

176 

12 

250 

22 

132 

4 

4 

25-100 

403 

19 

473 

14 

208 

5 

468 

15 

010 

1 

•"> 

100-5 

years 

311 

28 

395 

13 

239 

15 

394 

16 

420 

1 

6 

5-50 

41G 

35 

405 

6 

418 

29 

433 

11 

414 

24 

7 

50-100 

530 

26 

555 

6 

522 

20 

612 

8 

494 

18 

8 

100-200 

580 

18 

574 

5 

583 

13 

626 

7 

552 

11 

9 

>200 
Total 

0.605 

13 
237 

0.553 

3 

122 

0.620 

10 
115 

0.632 

4 

140 

0.592 

9 
72 

(147) 

148 


THE     ASTRONOMICAL    JOURNAL 


N°-  786 


Not  only  is  the  maximum  eccentricity  for  the  group 
25-100  days  clearly  shown  but  a  minimum  appears  in 
the  two  succeeding  groups.  In  Aitken's  grouping  the 
same  phenomena  occur  but  the  number  of  observations 
defining  his  groups  is  smaller.  The  phenomena  seem 
to  be  independent  of  the  method  of  grouping,  unless 
of  course  the  divisions  are  too  comprehensive,  and 
the  number  of  observations  appears  to  be  sufficient  to 
void  a  supposition  of  accidental  error.  The  smooth- 
ness of  the  curve  which  it  is  possible  to  draw  through 
the  observations  suggests  that  the  departures  from 
uniform  increase  of  eccentricity  with  period  may  be 
due  to  some  physical  cause  or  causes. 

If  we  separate  the  data  into  two  classes,  in  one  of 
which  the  principle  star  of  the  binary  system  is  of 
spectral  Type  I  and  in  the  other  of  Type  II,  we  get  the 
data  in  columns  five  to  eight,  Table  I,  the  curves  rep- 
resenting the  data  being  given  in  Fig.  2. 
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Pig.  2.     Period-Eccentricity  Curves  —  Types  I  and  II. 

A  glance  at  the  figure  is  sufficient  to  show  that  in 
spectroscopic  binary  systems  with  periods  from  eight 
days  to  five  years  the  period-eccentricity  relation 
differs  radically  for  systems  of  Type  I  and  Type  II. 
The  maximum  from  the  curve  representing  uniform 
increase  would  appear  to  be  due  to  systems  of  Type  I 
and  the  minimum  to  systems  of  Type  II.  Among  the 
visual  systems  with  periods  greater  than  5  years  and 
the  short  period  spectroscopic  systems  there  appears 
to  be  little  difference  between  the  two  types.  A  par- 
tial explanation  of  this  phenomenon  is  suggested  by 
the  fact  that  the  stars  of  Type  I  are  essentially  all 
giant  stars;  their  curve  will  respreent  the  period- 
■eccentricity  relation  for  the  giant  systems.  The  stars 
of  Type  II,  on  the  other  hand,  are  a  mixture  of  giants 
and  dwarfs.  May  not  the  curve  for  Type  II  systems 
combine  relations  essentially  different? 

The    parallaxes,    and    consequently    absolute    mag- 
nitudes,   of    59    of    the    systems    under    discussion    are 


available.  All  the  Class  O  -  B5  and  probably  all  the 
Class  B8  -  A5  systems,  which  cannot  be  definitely 
assigned  dwarf  classification,  may  reasonably  be 
classified  as  giants.  By  means  of  the  hypothetical 
absolute  magnitudes  of  visual  double  stars  recently 
published  by  Jackson  and  Furner*  we  are  enabled 
to  give  giant  or  dwarf  classification  to  all  the  visual 
systems.  Using  all  the  means  cited  and  adopting 
absolute  magnitude  +2.5  as  the  dividing  point,  it  has 
been  possible  to  classify  roughly  as  giant  or  dwarf  212 
of  the  235  systems.  The  mean  eccentricities  and  the 
number  of  stars  in  each  period-group  are  given  in  the 
last  four  columns  of  Table  I  while  the  data  is  depicted 
in  Fig.  3. 


**'*)  /  2  3  4  6  7  S  S 

Fig.  3.     Period  Eccentricity  Curves  —  Giant  and  Dwarf. 

The  curve  representing  the  period-eccentricity  relation 
for  giant  systems  differs  from  the  mean  curve.  Fig.  1, 
only  in  its  greater  slope  in  the  shorter  periods.  The 
same  maximum  in  Group  4  and  minimum  in  Groups  5 
and  (i  appear.  The  lower  end  of  the  dwarf  curve  is 
ill-defined,  especially  in  the  critical  Groups  4  and  5. 
Referring  to  Curve  II,  Fig.  2,  we  can  scarcely  doubt 
that  the  15  stars  of  Group  5,  the  majority  of  which 
are  in  all  probability  dwarfs,  must  produce  a  minimum 
from  the  dwarf  curve  at  that  point.  There  is  no 
evidence  of  a  maximum  from  this  curve.  However, 
leaving  these  discordances  for  later  consideration,  it 
appears  from  the  figure  that  there  is  a  difference  in  the 
variation  of  eccentricity  with  period  for  giant  and 
dwarf  systems.  All  points  on  the  dwarf  curve  lie 
definitely  below  the  giant  curve.  That  there  should 
be  such  a  marked  uniformity  in  this  phenomenon, 
especially  at  the  upper  and  lower  ends  of  the  curves, 
is  surprising.  The  use,  however,  of  different  criteria 
for  classifying  the  systems  as  giants  or  dwarfs,  such 
as  the  omission  of  systems  with  absolute  magnitudes 
between  2.0  and  3.0  or  the  selection  of  a  dividing  point 
*  Monthly  Notices  81,  22,  1920. 
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anywhere  from  2.3  to  2.8,  will  not  materially  affect 
the  curves  and  there  can  be  little  doubt  that  so  far 
as  our  data  goes,  the  curve  representing  the  period- 
eccentricity  relation  for  dwarf  systems  lies  definitely 
below  that  for  the  giants.  Thus  the  eccentricity  in 
the  giant  systems  appears  to  increase  more  rapidly  in 
the  shorter  periods  and  to  reach  a  maximum  mean 
value  of  e  in  periods  greater  than  50  years.  In  the 
dwarf  systems  the  eccentricity  appears  to  increase 
more  slowly  and  to  reach  approximately  the  same 
maximum  mean  value  of  e  only  in  the  very  long  periods. 
In  view  of  the  decided  preference  of  the  giant  systems 
for  the  shorter  periods  and  of  the  dwarfs  for  the  longer 
ones,  as  evidenced  by  the  numbers  of  systems  in  the 
various  groups,  a  partial  explanation  of  the  non- 
uniformity  of  the  mean  curve,  Fig.  1,  is  offered  on  the 
basis  that  the  first  half  of  tin1  mean  curve  is  largely 
due  to  the  giant  systems  with  eccentricities  system- 
atically higher  than  the  mean  and  the  second  half  to 
dwarf  systems  with  eccentricities  systematically  lower 
than  the  mean. 

There  remain,  however,  the  discordances  from  both 
the  giant  and  dwarf  curves  which  in  themselves  would 


tend  to  produce  in  the  mean  curve  non-uniformity. 
tint  as  pronounced  perhaps,  hut  similar  to  that  which 
is  found.  It  is  clear  that  the  break  occurs  in  the 
groups  where  we  pass  from  spectroscopic  to  visual 
systems.  The  first  five  groups  are  composed  entirelj 
of  spectroscopic  systems,  the  last  three,  of  visual. 
Group  G  contains  5  spectroscopic  and  lid  visual  systems. 
The  mean  eccentricity  of  the  former  is  0.2s  and  of  the 
latter  0.44.  The  positions  of  the  two  groups  are 
indicated  by  the  open  circles  in  Fig.  1  and  similarly 
for  the  giant  systems  in  big.  3.  There  can  he  little 
question  that  the  mean  eccentricity  in  the  long  period 
spectroscopic  systems  of  which  the  orbits  have  thus 
far  been  determined  is  not  only  less  than  that  of  the 
visual  systems  but  is  also  less  than  tlial  of  the  spec- 
troscopic systems  in  the  two  preceding  groups.  This 
leads  to  the  suggestion  that  the  mi  mm  inn  in  Groups 
5  and  0  is  due  not  only  In  part  to  the  inclusion  of  a 
large  number  of  dwarf  systems  with  systematically 
low  eccentricities  but  also  to  the  probability  of  the 
discovery  of  spectroscopic  binaries  with  certain  char- 
acteristics. 


Table  II.     Amplitude  of  Velocity   Variation 
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km 
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km 


km 
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80 

16 

85 
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67 
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35 
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65 

21 

59 
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41 

12 

42 

10 

30 
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F-G 

47 

7 

48 

5 

42 

6 

24 

4 

18 

6 

8 

1 

K-M 

24 

4 

32 

1 

16 

9 

4 

4 

All 

67.7 

44 

69.4 

25 

44.6 

28 

12.5 

19 

25.0 

28 

4.8 

6 

In  Table  II  are  given  the  mean  amplitudes  of 
velocity  variation,  orbital  velocities,  of  the  spectro- 
scopic binaries  under  consideration  for  the  various 
period-groups  and  spectral  types.  The  table  shows 
clearly  a  decrease  in  velocity  in  orbit  with  type  but, 
independent  of  this,  it  shows  a  decrease  in  orbital 
city  with  period.  In  the  systems  of  short  period 
the  orbital  velocities  are  large  and  the  orbits  small. 
Spectroscopic  binaries  are  readilj  discovered  in  a 
short  period  of  time,  while  the  components  of  the 
system  are  too  close  together  to  be  recognized  as 
visual  binaries.  In  systems  of  somewhat  longer 
periods  the  orbital  velocities,  and  the  consequenl 
probability  of  recognition  as  spectroscopic  binaries 
in  the  limited  time  radial  velocity  work  has  been 
carried  on.  are  less,  the  components  still  being  too 
close  together  to  be  separated  visually.  Naturally 
the  less  eccentric  orbits,  in  which  the  change  of  radial 


velocity  is  more  nearly  uniform,  are  more  readily 
discovered  than  the  more  eccentric  orbits,  where  an 
outstanding  observation  may  for  some  years  be 
attributed  to  an  accidental  error.  Among  the  longer 
periods  the  orbits  have  increased  in  size,  the  average 
velocities  in  orbit  are  so  small  that  only  the  least 
eccentric  systems  will  be  recognized  as  spectroscopic 
binaries,  while  in  many  of  the  more  eccentric  systems 
tie  components  will  be  recognized  at  greatest  elonga- 
tions as  visual  binaries.  It  is  not  probable  that  many 
systems  with  periods  over  50  years  will  be  detected 
by  purely  spectroscopic  means  and  their  orbits  will 
not   be  available  to  this  generation. 

Thus  it  is  readily  conceivable  (hat  up  to  a  certain 
length  of  period  essentially  all  the  spectroscopic 
binaries  among  the  stars  observed  are  recognized  as 
such.  Beyond  that  point  not  all  of  them  are  rec- 
ognized   and    the    ones   most   liable    to   discovery    are 
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those  with  comparatively  low  eccentricities.  Thus  at 
some  point  we  should  have  an  apparent  maximum  on 
the  curve  representing  the  increase  of  eccentricity 
with  period.  This  point  appears  to  be  in  the  periods 
between  25  and  100  days.  The  falling  off  after  that 
is  rapid  and  the  apparent  minimum  from  the  mean 
curve  in  the  two  succeeding  groups  is  partly  due  to 
this  cause. 

Though  the  data  is  too  meagre  perhaps  to  warrant 
any  definite  conclusions,  the  indications  are  then,  (1) 
that  the  relatively  rapid  increase  in  eccentricity  in 
the  first  four  period-groups  is  due  almost  wholly  to 
the  predominance  of  giant  systems  in  these  groups 
and  consequently   that   an  increase  in  the   number  of 


dwarf  systems  would  tend  to  reduce  the  apparent 
maximum  in  Groups  3  and  4:  (2)  that  the  minimum  in 
Groups  5  and  6  is  due  partially  to  the  systematically 
low  eccentricities  of  the  dwarf  stars  in  these  groups  and 
partially  to  the  greater  probability  of  the  discovery 
of  the  less  eccentric  orbits  among  the  long  period 
spectroscopic  binaries.  As  more  spectroscopic  binaries 
with  long  periods  are  discovered  or  as  orbits  are 
determined  for  many  which  are  now  recognized  as 
long  period  systems,  it  is  probable  that  most  of  the 
discordances  from  a  uniform  mean  period-eccentricity 
curve  will  be  removed,  especially  when  there  is  taken 
into  account  a  probable  difference  in  the  period- 
eccentricity  relation  for  giant  and  dwarf  systems. 


MICROMETRIC   MEASURES  OF    DOUBLE   STARS,   MADE  WITH  THE   12-INCH 
REFRACTOR  AT  THE  WASHBURN   COLLEGE   OBSERVATORY, 

By   EDISON   PETTIT. 


The  following  list  of  95  stars  was  measured  prin- 
cipally with  the  12-inch  refractor  at  Washburn  College. 
A  few  stars  discovered  with  this  telescope  have  been 
appended  to  the  list  of  catalog  stars. 

The  identification  number  for  each  star  refers  to 
Burnham's  General  Catalog,  and  where  this  is  not 
the  case  the  position  of  the  star  is  given. 


The  first  column  gives  the  date,  the  second  the 
position  angle  in  degrees,  and  the  third  the  distance 
in  seconds  of  arc.  In  all  cases  four  settings  were  made 
in  both  position  angle  and  in  distance. 


80 

Hn  1 

482  Z 

r3  36  At 

drm. 

0    gives 

this    B.D.    31° 

1496 

A.G.  59 

1917 

.742 

10.6 

2.48 

1917.830 

50.1 

0.81 

412.     This 

is  evidently  a 

1917.739 

89.9 

25.25 

.830 
.849 
.807 

9.9 
14.1 
11.5 

2.44 
2.32 
2.41 

.912 

48.0 

0.77 

misprint ; 
33°  412. 

star     is 

B.D. 

.830 
.855 

89.8 
90.0 

25.42 

1917.871 

49.0 

0.79 

25.50 

1917 

1917.808 

89.9 

25.39 

Companion  faint 

1070  0 

2  38  7  Andrm. 

1487  2  325 

1525 

A.G.  60 

AB 

1917.739 

179.0 

10.96 

1917.739 

160.9 

6.80 

P  106 

1916.882 

60.6 

10.09 

.830 

180.9 

10.70 

.830 

159.7 

6.47 

1917.063 

62.5 

10.28 

.912 

180.6 

10.92 

.855 

159.8 

7.08 

R.  A 
Dec. 

6h  47m. 
f  19°  15' 

3 

2 

.099 
1917.015 

64.8 
62.6 

10.22 
10.20 

1917.827 

180.2 

10.86 

1917.808 
2027 

160.1 
OS  531 

I..7S 

Mags. 

10  —  10.3 

BC 
110.6 
110.5 
111.7 

1490  2  326 

1916.882* 

122.1 

1.29 

191' 

-.074 
.104 

105.7 
101.4 

2.64 
2.46 

0.63 
0.69 
0.68 

1917.739 
.830 

216.3 
217.0 

8.46 

7.82 

1917.003 
.063 

120.4 
121.8 

1.33 
1.54 

.126 

101.9 

2.59 

.912 

218.7 

7.59 

1916.983 

121.4 

1.39 

r.ioi 

103.0 

2.56 

1917.827 

217.3 

7.96 

*  Primary 
ted. 

looks  e 

onga- 

191' 

110.9 

0.67 

474  2  69 

1223  A.G. 

37 

1494 

Ho  317 

2112 

Ho  507 

1917.783 

17.6 

24.56 

1916.995 

293.5 

4.64 

1917.739 

310.0 

3.63 

1917.739 

34.5 

5.96 

.786 

17.1 

24.44 

1917.063 

290.8 

4.67 

.912 

307.8 

3.78 

.769 

31.9 

5.45 

.849 
".806 

18.3 
17.7 

24.59 
24.53 

.071 

292. '.» 

4.58 

.956 
1917.869 

308.8 
308.9 

4.07 
3.83 

.956 

32.4 

6.22 

191" 

1917.043 

292.4 

4.63 

1917.855 

32.9 

5.88 
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Espin  223 

R.A.  0h  40m  273.8 

Dec.  38°  9'.0 
Mags.  9.3  —  9.4 

1916.885'  263.8  4.58 

1917.003  263.6  5.01 

.099  262.8  4.8S 

.104  263.0  4.71 


1917.023         263.3 


4.80 


2161  2  535  230  Tauri 

1917.726  321.7  1.86 

.830  323.8  1.49 

.832  323.7  1.23 


1917.796        323.1 


1.53 


Companion  has  relative 
linear  motion  of  1"  in  86 
years. 

D.M.  38(999)  R.J.  32 

R.A.  4h  53m  00s.4 

Dec.  38°  02'.6 
Mags.  9.0  —  12.0 

1916.882        288.9        2.44 

2689  A.G.  94 

1917.129  108.1  2.13 

.200  104.6  2.75 

.228  105.1  2.33 


1917.186 


105.9 


2.40 


4353  2  1161 

1917.269  195.2  2.92 

.293  195.8  2.76 

.299  195.1  2.71 


1917.287 


195.4 


2.80 


Espin  179 


R.A.  7h48m.7 

Dec.  38°  2'.6 

Mags.  9.5  —  9.5 

1917.003  270.8  4.71 

.071  270.1  4.28 

.066  272.1  4.53 

1917.047  271.0  4.51 

Announced    by    Espin, 
but  not  measured  by  him. 


Espin  292 

R.A.  8h  3m.6 

Dec.  38°  28'.7 

Mags.  8.5  —  10.0 

1917.003        167.2        2.58 

.066        166.8        2.63 

.071         166.1        2.57 


1917.047 


166.7 


2.5!) 


Espin's  measures  are: 

1906.18        165.7  2.50 
Mags.  8.5  —  9.1 

4717  Ku  32 

1917.143    170.9  1.63 

.151    171.4  1.50 

.181    170.5  1.69 


1917.158    170.9 


1.61 


5061  0   338 

1917.129    275.7  7.20 

.189    274.8  6.42 

.200   275.0  6.93 


1917.173    275.2 


6.85 


5071    2   1348    116  Hydra; 

1917.269        322.4  1.76 

.285        321.7  1.60 

.293        322.2  1.74 


1917.283        322.1 


1.70 


6482  2  1744  f  Ursce  Maj. 
AB 

1917.370  71.9  11'  51". 46 
.373  71.6  11'  50".40 
.378  71.9   11/  52".27 


1917.374  71.8  11'  51".38 

AC 

.     149.9  14.23 

150.1  14.71 

151.2  14.47 


150.4  14.47 

6658  A  568 

1917.348        323.6  2.26 

.351        321.1  1.71 

.359        322.5  2.39 


6716  2   1S0S 

1917.299  74.2  2.31 

.302  75.3  2.73 

.304  74.8  2.54 


L917.302 


74.8 


2.53 


1917.353 


322.4 


2.12 


6776  2  1820 

1917.228  84.5  1.92 

.236  82.1  1.77 

.238  84.1  1.94 


1917.234 


83.6 


1. 


6780 

2   1819 

1917.293 

340.6 

1.15 

.302 

341.3 

1.29 

.340 

343.9 

1.26 

1917.312 

341.9 

1.23 

7251  2  1937  r,  Corona 

1917.348 

66.4 

0.79 

.359 

66.6 

0.77 

.362 

69.2 

0.89 

1917.356 

67.4 

0.82 

7259   2   1938  M2  Booth 

1917.348 

53.6 

1.42 

.359 

50.2 

1.43 

.362 

54.3 

1.40 

1917.356 

52.7 

1.42 

7273 

2   1944 

1917.348 

324.7 

1.08 

.359 

324.9 

1.20 

.362 

324.9 

1.23 

1917.356 

324.8 

1.17 

7276 

02  296 

1917.348 

303.9 

1.71 

.359 

300.1 

1.74 

.362 

297.9 

1.85 

1917.356 

300.6 

1.77 

7318  2    1954  5   Serpentis 

1917.302 

181.4 

3.92 

.343 

182.1 

3.86 

.351 

184.5 

3.76 

1917.332 

182.7 

3.85 

Both  stars  orange. 

7332  02  298 

L917.375        197.9  1.17 

.389        199.2  1.01 

.706         197.3  1.29 


L917.490 


19S.1 


1.16 


5173  0.  Stone  19 

191  7. 2!  13  267.5  2.47 

.302  264.9  2.44 

.307  269.1  2.45 


1917.301         267.2 


2.45 


5240  H  4261 

1917.293  84.8  8.12 

.302  85.3  8.10 

.307  84.4  8.27 


1917.301 


4.8 


8.168 


5365  OS  215 

1917.348        200.4  1.08 

.359        201.4  1.13 

.367        200.9  1.16 


1917.358 


200.9 


1.12 


5501  2  1454 

1917.271         321.1  2.88 

.302        323.5  2.48 

.340        322.2  2.58 

1917.304        322.3  2.65 

Colors  orange  and  white. 

5507  H  835 

1917.307        323.3  1.35 

.329        322.3  1.20 

.343        324.3  1.45 


1917.326 


323.3        1.33 


5539  2  1466  35  Sextantis 

19 17.3 13        240.0        6.89 

.329        240.8        6.77 

.340        238.7        6.81 


1917.327 


239.8 


6.82 


5633  2  1500 

1917.302  310.7  1.56 

.307  310.5  1.56 

.329  311.2  1.48 


1917.313        310.8        1.53 
Both  stars  white. 


l.v. 
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5734  I  1523  £  Ursa  Maj. 

1917.343    111.6  3.43 

.348    111.9  3.19 

.356    110.3  3.07 


1917.349    111.3 


3.23 


5773   H  840  y  Crateris 

1917.238  99.7        5.29 

.241  98.1         4.99 

.269  99.5        5.22 


1917.246 


99. 1 


5.17 


5782  A  138 

1917.329         21(1.7  1.36 

.340        214.2  1.34 

.343         212.6  1.40 


1917.334         214.5 


1.37 


6174  2  1643 

1917.200  34.7  1.95 

.225  33.5  1.73 

.238  34.2  1.78 


1917.221 


34.1 


1.82 


6406   2   1728  42  Comw 


1917.367  12.5 

.406  15.1 


0.30 
0.30 


1917.386  13.8        0.30 

Distance  estimated. 

7368  2   1967  y  Coronw 

1917.389         109.9         0.79 

.808        110-7        0.80 

1917.598        110.3        0.79 

7459  S  1991 

1917.378  L98.6  3.12 
.389  198.4  3.05 
.406         199.2         3.10 


1917.391 


198.7 


3.12 


7717   2   2084    f    Herculis 

1917.343         105.6         1.52 
.348  98.6        1.45 

.356        Mi'-'.:;        1.46 


7854  2  2119 

1917.359  10.9  2.22 

.706  12.6  2.36 

.723  13.6  2.29 


1917.596 


12.4 


2.29 


7858  2  2120 

1917.359        238.7  10.12 

.375        240.0  10.10 

.389        239.4  10.40 


1917 

.374 

239.4 

10.21 

7863  j8  823 

1917 

.359 

28.3 

0.95 

.482 

27.2 

0.97 

1917.420 


27.6 


0.96 


The  second  measure  was 
made  with  the  40-inch  at 
Yerkes.  Declination  giv- 
en wrong  sign  in  B.G.C. 
The  following  measures 
have  been  published: 

Burn ham 

1881.39     353°.9     1".04 

DOOLITTLE 

1903.46       11°.8     1".03 

AlTKEN 

1910.54       1S°.0     0".91 

The  star  is  probably  in 
rapid  motion. 

7885  /3   1118   ij   Ophiuchi 

1917.359         239.2         0.45 

.706         243.0        0.82 

.808        239.5        0.81 


1917.349 


102.2  1.4X 


1917.624        240.6        0.69 

Distance  increasing, 
angle  decreasing. 

....    A   1145 

R.A.    171'  02'". 0 

Dec.  -  o   55'.2 

L917.359        220.  s        0.48 

Observed  on  three 
nights  with  the  40-inch 
liui  seeing  too  poor  to 
test   separation. 


Aitken  gives 

1905.41           240.8  0.44 

7887  (3  124 

1917.359        266.4  0.92 

.482        264.0  0.94 

.706         265.4  1.01 

1917.516        265.3  0.96 

8055  02  331 

1917.359        343.3  1.13 

.704         340.4  1.19 

.706        344.3  1.39 

1917.590        342.7  1.24 

8162  A  Clark  7  p.  Herculis 

AB 

1917.720         205.5  0.56 

.739        208.0  0.92 


1917.730        206.8  0.74 

AC 

245.7  33.28 

245.8  33.15 


245.8  33.21 

8197  2  2233 

1917.359  70.5  2.36 

.704  64.8  2.26 

.706  65.0  2.28 

1917.590  66.8  2.30 

9602  2  2576 

1917.701  98.1  2.27 

.704  100.3  1.98 

.715  99.1  2.19 

1917.707  99.2  2.15 

9605  2'  2579  8  Cygni 

1917.698  280.4  2.02 

.701  284.7  2.17 

.704  278.9  2.04 


1917.701 


281.3        2.08 


9606  A  274 

1917.704  63.3  3.72 

.709  69.9  3.65 

.720  72.5  4.69 


1917.711 


68.6 


4.02 


Strongly     susped      the 
primary  to  be  double. 


9613 

02  385 

1917.698 

54.2 

1.02 

.701 

52.3 

1.29 

.704 

50.8 

1.25 

1917.701 

52.4 

1.19 

9614  H  1438 

1917.701  344.6       11.61 

.704  342.1       11.88 

.715  343.8       11.66 


1917.707 


343.5       11.75 


9617   2  2580  x  Cygni 
1917.704  70.7      25.83 

.709  70.9      26.02 


1917.706 


70.8      25.92 


9964  A  384 

1917.715        356.8  1.21 

.720        355.6  1.10 

.736        354.7  1.06 

1917.724        355.7  1.12 


9983  2  2643 

1917.726  77.2  3.17 

.736  77.1  3.10 

.739  73.8  3.21 


1917.734 


ro.o 


3.16 


10300  H  1527 

1917.745       .281.2  9.08 

.769        284.7  9.14 

.780        282.5  8.90 


1917.765 


282.8 


9.04 


10305  2  2695 

1917.745  79.7  1.03 

.772  85.0  1.25 

.830  76.2  1.00 


1917.782 


80.3 


1.09 


10327  2  261  is 

1917.745         304.4  4.47 

.756        304.0  4.41 

.769        306.1  4.37 

1917.757        304.8  4.42 
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10335 

1917.783  47.6  55.94 

.849  47.8  56.48 

.851  47.8  55.84 


1917.828 


47.; 


56.09 


Faint  companion.  This 
pair  on  parallax  programs, 
but  no  determination  yet. 
Relative  motion  of  com- 
panion seems  to  be  rec- 
tilinear. Its  minimum 
distance  will  be  55"  in  34° 
in  1943. 

10353  H  1544 

1917.745         231.1  8.31 

.756        231.5  8.48 

.769        231.8  8.29 


1917.757 


231.5 


8.36 


10355  A.G.  258 

1917.745  11.3        4.17 

.769  9.5        4.11 

.775  10.4        4.15 


1917.763 


10.4 


4.14 


Espin  207 


R.A.  21h6m.4 

Dee.  37°51'.0 

Mags.  9.2  —  9.7 

1917.063        250.4        2.82 

.099        250.2        2.55 


1917.081 


250.3         2.( 


Espin's  measures  arc: 

1904.45          244.3  2.65 

Mags.  9.5  —  9.6 

11055  Ho  604 

1917.742        317.5  5.27 

.769        318.7  4.83 

.783        317.6  5.05 


1917.765 


317.9 


5.05 


11065  H  1659 

1917.742        299.2  7.16 

.753        300.1  7.22 

.769        298.2  7.27 

1917.755        299.2  7.22 


11089  2  2810 

1917.742  290.9  17.00 
.753  290.9  16.90 
.769        290.5       17.11 


1917.755 


290.8       17.00 


11555  Ho  178 

1917.726  224.8  3.51 

.739  227.3  3.22 

.745  222.5  3.26 

1917.737  224.9  3.33 

No  motion  since  1892. 


11741  S  2910 


1917.786 
.846 


341.2 
338.6 


5.31 
5.40 


1917.816 


339.9        5.36 


11906  2  2932 


1917.780 
.846 


280.2 
281.4 


20.51 
20.76 


1917.813        280.8      20.63 

11916  2  2936  215  Aquarii 

1917.780  51.1        4.60 

.786  48.2        4.87 

.846  47.5        4.85 


1917.804 


48.9 


4.77 


11977  li  1145 

AB 

1917.739        155.2        0.99 


AC 
179.8 


22.07 


11982  H  1811 

1917.739        155.9  6.21 

.742        156.2  6.85 

.753        154.9  6.41 


1917.745 


155.7        6.49 


11983  H  1813 

1917.739  61.4  9.59 

.742  63.3  9.79 

.753  62.1  9.87 


1917.745 


62.3 


9.75 


11987  Ho  190 

1917. 7S3  156.2  2.32 

.786  154.3  2.26 

.808  154.4  2.25 


1917.792 


L55.0 


2.28 


11990  H   1814 

1917.739        255.2  7.52 

.742        252.9  7.68 

.753         252.7  7.75 


1917.745 


253.6        7.65 


11995  0  846 


1917.739 


91.4 
90.2 


1.83 

2.04 


1917.774 


90.8         1.94 


11999  H  1817 

1917.739  239.9  11.47 
.742  240.2  11.98 
.753        239.4      11.34 


1917.745 


239.8       11.60 


12010  0  1332 
AB 

1917.783  130.1  1.62 
.830  131.7  1.79 
.843        134.9        1.54 


1917.819         132.2 


L.65 


C    could    not    be    seen. 
No  motion  since   1902. 


12531 

S  3033 

1917.698 

8.7 

3.36 

.723 

9.3 

3.33 

.736 

4.8 

3.43 

1917.719 

7.6 

3.37 

Given  very  white  in 
B.G.C.  Certainly  is  yel- 
low now. 


The  following  stars  were 
discovered  with  the  12- 
inch  and  checked  by  Pro- 
fessor Doolittle: 


(1) 

R.A.  8hll"'46s.4 
Dec.  38°  00'  01  ".3 
Mags.  10.2  —  10.2 
1917.003        188.1        2.71 
.074         186.2        2.52 
.071         181.5        2.62 


1917.049 


185.3        2.62 


(2)      D.M.  38(1898) 
R.A.  8h  13'"  19\9 

Dec  38°20'.6 
Mags.  9.0  —  9.0 

1917.003  187.4  4.51 
.071  181.8  4.33 
.074        182.4        4.19 


1917.049 


(3) 


is:'.. 9 


4.34 


R.A.   llh25m04».32 
Dec.  63°  16'  30".7 
Mags.  11.0—  11.0 

1917.074  170.2  3.58 
.189  175.2  4.65 
.200        174.6        4.53 


1917.154 


173.3 


4.35 


(4)    S.D.    -19(3494) 

*R.A.   12h  20™  59\7 

Dec    -19°  46'  10". 8 

Mags.  9.0  —  10.2 

1917.238  325.8  4.56 
.269  326.5  4.63 
.271        328.9        4.53 


1917.259        327.1 


4.57 


*Doolittle    gets    R.A. 
12h  21ra  028.3. 

(5) 

R.A.  14h40ra09».10 
Dec.  60°  45'  08".7 
Mags.  10.4  —  10.4 

1917.228  174.9  3.57 
.236  174.8  2.99 
.238        177.9        3.78 


1917.234         175.9 

Mt.  Wilson  Observatory, 
March  14,  1921. 


3.45 


154 


THE    ASTRONOMICAL    JOURNAL 


N°-  786 


INVESTIGATION    OF  THE    SECULAR   VARIATIONS  OF  THE   ELEMENTS  OF   (133) 
CYRENE  PRODUCED  BY  THE   ACTION  OF  JUPITER  AND   SATURN. 

By   CHARLES   H.   DAVIS. 


The  following  secular  variations  of  the  elements  of 
Cyrene  produced  by  Jupiter  and  Saturn  were  com- 
puted by  the  method  developed  by  Hill  in  Vol.  I  of 
the  Astronomical  Papers  of  the  American  Ephemeris 
mill  Nautical  Almanac.  The  elements  of  Jupiter  and 
Saturn  employed  in  this  work  were  obtained  by  reduc- 
ing Hill's  elements  for  1850  to  the  adopted  epoch  by 
Leverrier's  variations,  while  those  of  Cyrene  were 
taken  from  the  Tables  of  Cyrene  contained  in  Vol.  X 
of  the  Memoirs  of  the  National  Academy  of  Sciences* 
and  reduced  to  the  mean  equinox  and  ecliptic  of 
I  896.942  Berlin,  Mean  Time. 

Elements  for  the  Epoch  I  896.942  B.  M.  T. 


log  a 


Cyrene 

=  246°  27'  58' 
=  321     8  11 
=      7    13  54 
=  0.1361287 
=  241671.50 
=  0.4862475 


M  = 


Jupiter 

12°  39' 46" 
99   24  26 
1    18  32 
0.04833205 
109256.64 
0.7162374 

1 


Saturn 

91°    1'46" 
112   45  25 
2   29  33 
0.05589998 
43996.204 
0.9794957 

1 


1047.35 


3501.6 


Secular  Variations 


de 

dt 
dw 
It 
di 
dt 

<m 

dt 
clL 
dt 


Action  of  Jupiter 
+     1.03179 

+   71.1152 

-  0.60506 
-115.816 

-  75.5728 


Action  of  Saturn 
-0.03755 

+  2.1150 

-0.03343 

-3.0256 

-2.5813 


Seventh    Memoir:     Tables  of  Minor  Planets  Discovered  By 
James  C.  ir<;/sr,„,-   by  \.  <>  Lecschner. 


These  values  were  obtained  from  the  division  of  the 
circumference  into  twenty-four  parts,  or  every  15° 
of  the  eccentric  anomaly  of  Cyrene.^  Vega's  seven 
place  Log.  Tables  were  used  for  the  work.  As  a  check 
against  errors,  a  duplicate  computation  of  R0,  S0,  and 
Wo  corresponding  to  four  values  of  E,  namely  0°,  90°, 
180°,  and  270°  was  made  by  the  formulae  given  in  the 
addendum  to  Hill's  memoire.  The  quantities  R0 
and  S0  were  also  checked  by  computing  da/dt.  Dur- 
ing the  course  of  the  preceding  duplicate  work  it  was 
discovered  that  the  functions  x(t),  i^(t)  and  V  can  be 
found  much  more  expeditiously  by  the  following 
formulae: 

First:  Take  out  the  values  of  the  three  elliptic 
integrals  from  Hill's  Tables  by  means  of  the  argument 
6'  given  by  the  equation 


sin20'  = 


G'  +  G"        cos  (60°  -  J) 


G  +  G" 


Where  6  is  that  given  by  Hill's  formulae 


Then 


H 


x(t)  = 


SDJ 


sin  6  =  r/q3 


(aVSoo-J)* 


v  = 


x(r)[2sin(60°+?)-f] 


£2C 


(2^3  cos  |)i 


t  The  values  produced  by  the  action  of  Saturn  were  obtained 
from  the  division  of  the  circumference  into  twelve  parts. 

Providence,  R.  I., 
April,  1918. 
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PERSONAL  ERRORS  IN  THE   USE  OF  A   SELF-REGISTERING    MICROMETER, 

By  J.  C.   HAMMOND 

[Communicated  by  Hear  Admiral  .1.  A.  II.  mm;e\\  i:m  i ,  I'.  S.  Navy,  Superintendent,  I".  S.  Naval  Observatory.] 


The  following  results  are  derived  from  investigations 
and  observations  made  with  the  6-inch  transit  circle  of 
the  U.S.  Naval  Observatory  (hiring  the  years  1011  to 
1918,  in  the  course  of  the  determination  of  the  positions 
of  the  standard  stars  contained  in  the  American 
Ephemeris  and  in  the  lists  of  Boss.  Backli  nd  and 
Hough.  The  instrument  is  equipped  with  a  hand- 
driven  self-registering  micrometer  of  the  Repsold  type 
made  by  the  Warner  and  Swasey  Company  of  Cleve- 
land. A  close  pair  of  threads  is  used  to  follow  the 
star  and  a  reversing  prism  is  attached  in  front  of  the 
eye-piece,  all  observations  being  made  with  the  prism 
in  two  positions  to  eliminate  errors  due  to  bisection 
and  the  direction  of  motion  of  the  star. 

Absolute   Personal  Equation 

The  absolute  personal  equations  of  five  different 
observers  were  determined  with  a  personal  equation 
machine  made  by  the  instrument  maker  of  the  Naval 
Observatory.  This  machine  was  described  by  Pro- 
fessor F.  B.  Littell  in  a  paper  read  before  the  Astro- 
,il  and  Astrophysical  Society  of  America  during 
its  meeting  at  Washington,  D.  ('.,  in  1911.  The 
itial  feature  is  a  carriage  which  carries  an  artificial 
star  alternately  east  and  west  across  the  line  of  sight 
of  the  i-  lescope  and  which  causes  an  automatic  record 
to  be  registered  on  the  chronograph.  The  spied  of 
the  artificial  star  can  be  varied  to  correspond  to  thai 
of  any  star  and  it  is  observed  in  the  same  manni  r  as  a 
real  star.  By  comparing  the  record  with  the  auto- 
matic one  made  by  the  carriage,  the  observer's  absolute 
personal  equation  can  be  determined. 

The  following  table  gives  the  absolute  personal 
equations  of  the  five  observers  for  stars  of  different 
declinations.  The  signs  are  such  as  to  make  them 
applicable  to  observed  transits. 


Corrections    for    Absolute    Personal    Equation 


Decl. 

Hammond 

FredericksoD 

[lines 

Wylie 

Aston 

0 

-.018 

.026 

-.012 

-.011 

-.021 

4(1 

-.012 

.023 

-.011 

-.000 

-.013 

(it) 

-.011 

-.021 

-.008 

-.001 

-.007 

80 

.02 

-.01 

.00 

+  .02 

+  .02 

85 


.02 


+  .01 


+  .02 


+.05 


+  .00 


'An  inspection  of  this  table  shows  that  each  one 
observes  the  transil  of  a  star  too  late,  with  the  possible 
exception  of  stars  near  the  pole,  and  that  the  amounts 
do  not  vary  much  I'm-  the  different  observers.  There 
is  some  evidence  that  for  slow  moving  stars  near  the 
pole  there  is  a  tendency,  a!  least  on  the  pari  of  some 
observers,  to  gel  ahead  of  the  star.  The  evidence  is 
not  conclusive  on  this  point  however  as  the  personal 
equations  for  stars  of  declination  so  or  more  are  not 
as  well  determined  as  the  others. 

The  absolute  personal  equation  in  observing  the 
Sun,  as  determined  for  four  observers  by  attaching  a 
brightly  illuminated  disk  representing  the  Sun  to  the 
carriage  of  the  personal  equation  machine,  are  as 
follows: 


Absolute     Personal     Equations     in     Observing 

Tut':  Sun 


Hammond  Frederickson 

-.016  -.037 


Wylie 

-.031 


Aston 

-.023 


It  will  he  seen  that,  for  each  observer,  these  personal 
equations  are  nearly  the  same  as  lor  -tars  of  the  same 
declination. 
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Relative  Personal  Equation 

The  relative  personal  equations  of  the  various 
observers  were  derived  from  the  observations  of  the 
clock  stars  by  taking  the  elock  correction  of  one.  and 
carrying  it  forward  by  means  of  the  elock  rate  to  the 
clock  correction  as  determined  by  some  other  observer. 
In  no  case  was  this  done  when  the  interval  exceeded 
24  hours,  so  that  any  error  in  the  result  introduced  by 
the  clock  will  lie  negligible.  Weight  2  was  given  when 
observers  worked  on  the  same  night  and  weight  1 
when  the  interval  was  approximately  one  day. 

The  corrections  to  lie  applied  to  observed^transits  of 
cluck  stars  for  the  different  observers  to  reduce  to  the 
system  of  Hammond  are  as  follows: 


Frederickson 
-.007 


Rines 
-.021 


Wylie  Aston 

+  .005  +.005 


These  values  of  the  relative  personal  equations  are 
small  and  moreover  there  was  no  evidence  of  change  in 
the  different  years. 

The  resulting  values  of  relative  personality  from  the 
personal  equation  machine  for  stars  of  10°  declination, 
corresponding  to  the  mean  declination  of  the  clock 
stars,  as  derived  from  the  first  table  are  as  follows: 


Frederickson  Rines 

-.00!)  +.004 


Wylie 

+  .006 


Aston 
-.003 


The  agreement  is  good  except  in  the  case  of  Rines, 
whose  absolute  personal  equation  is  not  based  on 
many  determinations.  It  should  be  noted  also  that 
the  relative  personal  equations  as  derived  from  clock 
corrections  are  affected  by  peculiarities  in  the  deter- 
mination of  the  instrumental  constants. 


Magnitude  Equation 

The  instrument  is  equipped  with  two  screens  by 
means  of  which  the  magnitude  of  all  the  standard 
stars  observed  were  reduced  to  some  magnitude 
between  5.0  and  8.0.  It  was  only  necessary  therefore 
to  determine  the  magnitude  equation  for  a  range  of 
3  magnitudes  between  these  limits.  This  was  done 
with  considerable  accuracy  for  3  observers  and  the 
following  results  obtained: 

Magnitude  Equation  for  a  Range  of  3  Magnitudes 
Between  5.0  and  8.0  in  Sense  Bright  Minus  Faint 


Hammond  Frederickson 

.000  .000 


Wylie 

-.001 


The  magnitude  equation  with  the  self-registering 
micrometer  for  stars  between  the  5th  and  8th  magni- 
tude   is   negligible. 


Corrections  to  Observations  of  Standard  Stars  to  Reduce  to  System  Hammond 


5 

Frederic 

<son 

Rines 

W 

vlie 

Aston 

Clam]) 
East 

( 'lamp 
West 

( llamp 

East 

Clamp 
West 

Clamp 

East 

Clamp 
West 

Clamp 

East 

Clamp 
West 

-    25 

.()()() 

-.003 

-.010 

+  .008 

+  .020 

-.018 

+  .015 

-.015 

-    15 

+  .(HH 

-.002 

-.007 

+  .005 

+  .015 

-.014 

+  .009 

-.010 

—      5 

-.(Mil 

-.001 

-.004 

+  .002 

+  .000 

-.010 

+  .005 

-.007 

+      5 

+  .001 

.000 

-.002 

-.001 

+  .003 

-.004 

+  .001 

-.002 

15 

-.001 

+  .001 

-.002 

-.002 

-.003 

+  .003 

-.001 

+  .003 

25 

-.002 

+  .002 

-.002 

+  .001 

-.008 

+  .oos 

-.003 

+  .007 

35 

-.004 

i  .004 

.000 

+  .005 

-.007 

+  .014 

-.004 

+  .011 

!.-, 

-.004 

+  .004 

+  .003 

+  .001 

.000 

+  .021 

-.001 

+  .013 

55 

-.002 

+  .007 

.000 

-.003 

+  .010 

+  .033 

+  .005 

+  .016 

65 

.00 

+  .01 

+  .01 

.00 

+  .03 

+  .04 

+  .02 

+  .02 

75 

+  .01 

+  .02 

.02 

+  .01 

+  .04 

+  .04 

+  .05 

+  .04 

85 

+  .02 

+  .08 

-  .05 

+  .01 

.00 

.00 

+  .15 

+  .18 

95 

+  .02 

+  .10 

-.01 

-.03 

-.10 

+  .07 

1-105 

+  .01 

+  .04 

+  .02 

-.03 

-.12 

+  .07 
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Comparison   of   Observations   of   Standard   Stars 

All  the  observations  of  the  standard  stars  made  by 
any  observer  were  in  general  reduced  with  clock  cor- 
rections and  constants  determined  by  himself.  From 
these  observations,  the  differences  between  the  various 
observers  were  deduced.  In  doing  this,  the  two 
positions  of  the  clamp  were  kepi  separate  and  the 
parisons  were  made  in  zones  10  wide  in  declina- 
tion. These  differences,  which  are  small,  must  be  due 
to  peculiarities  in  the  determination  of  the  instru- 
mental constants,  combined  perhaps  with  a  variation 
in  absolute  personal  equation  with  the  declination. 

The  preceding  table  gives  corrections  for  each 
observer  to  reduce  to  the  system  Hammond. 

The  corrections  for  FREDERICKSON  and  RlNES  are 
small  enough  to  be  attributed  to  accidental  errors. 
In  the  case  lit'  Wylie  and  Aston,  hu\\e\er.  the  cor- 
rections appear  to  lie  real  lull  it  has  not  been  attempted 


to  represenl  them  by  an  empirical  formula.  There 
was  not  enough  data  to  determine  the  corrections  in 
tin   case  of  Aston  for  stars  a1  lower  culmination. 

There  is  considerable  difference  in  opinion  as  to 
the  relative  advantages  of  the  band-driven  and  motor- 
driven  micrometers.  It  is  quite  possible  that  certain 
hi-  ei  i  ors  may  be  inl  roduced  by  t  be  latter 
which  are  lacking  in  the  casi  ol  the  former.  It  i 
opinion  thai  an  observer,  after  a  little  practice,  can 
follow  a  star  with  as  little  accidental  error  with  a 
hand-driven  micrometer  as  with  a  motor-driven  one. 
For  an  experienced  observer,  under  good  conditions  of 
seeing,  the  probable  error  of  a  single  contact  or  regis- 
tration with  the  micrometer  of  the  6-inch  transit  circle 
is,  p  =   ±08.022  sec  5. 

This  micrometer  has  never  given  any  trouble  and 
the  simplicity  of  its  construction  and  operation  recom- 
mends it   for  use  in  fundamental  work. 


( >N    1  )IFFEB  KXTIAL  HORIZONTAL  REFRA(  ITION, 

By   WILLIAM    B.    \  \L'\I  \l. 


On  examining  the  clock  corrections  for  the  Albany 
observations  made  1007  18,  a  well  marked  term, 
depending  upon  the  time  of  day  at  which  the  observa- 
tion was  made,  developed.  It  is  not  the  same  for  all 
stretches  during  which  the  observations  were  con- 
tinuous hut  is  very  consistent  throughout  tiny  one 
stretch.  Twenty-one  stretches  extending  from  I9l5 
to  1917  were  chosen.  These  are  well  distributed  as  to 
clamps,  observers  and  months  of  the  year.  The 
means  by  groups  are  shown  in  the  following  table:  — 


{lb 


23  44 

1  22 

2  2 

3  2 
1  1 
5  0 
0  2 
7  5 

7  59 

8  58 
in  (i 
ID  57 

11  5ii 

12  55 
14  0 


(2) 

4 

6 

14 

27 

101 

45 

53 

91 

103 

132 

143 

106 

63 

42 

21 


(3) 

+  0.040 
+  .036 
+  .030 
-  .007 
+  .029 
+  .028 
+  .009 
+  .11119 
+  .004 
+  .012 
+  .014 
+  .017 
+  .008 
+  .011 
+   .009 


(4) 

+0.017 

+  .025 
+    .013 

-  .001 
+  .015 
+  .027 
+  .006 
+  .007 
+  .002 
+   .012 

f  .one, 
+  .012 
+  .006 
+    .01)5 

-  .004 


(5) 

+  0.023 
+  .011 
+  .016 
-  .006 
+  .014 
+  .001 
+  .003 
4-  .002 
+  .003 
-  .001 
+  .008 
+  .005 
+  .003 
+  .006 
+   .013 


(I) 


(2) 


(3) 


(4) 


(5) 


14  58 

24 

+  0.01  s 

+  0.001 

+0.014 

15  5  1 

8 

+  .013 

+  .005 

+  .008 

16  48 

10 

-  .004 

+  .Oils 

-  .012 

IS  12 

14 

-  .009 

+  .002 

-  .011 

19  4 

27 

-  .011 

-  .007 

-  .005 

20  0 

53 

.039 

-  .029 

-  .010 

20  57 

03 

-  .005 

-  .007 

+  .002 

22  4 

41 

-  .014 

-  .00',' 

.DOS 

22  52 

18 

-  .021 

-  .010 

-  .011 

1205) 


Column  (1)  =  Albany  mean  time 

Column  (2)  =  No.  of  observations 

Column  (3)  =  AT  —  Computed  clock  correction 

Column  (4)  =  Computed  value  of  (3) 

Column  (5)  =  (0  —  C)  =  (3)  -  (4) 


Believing  this  phenomenon  was  due  to  differential 
horizontal  refraction  (dr),  (4)  was  computed  from  (3) 
by  the  formula  sec   o  see    (0  -  5)  M  +  sec  o  sec  (  0  —  o) 

XMR,  where  M  =  Mass  of  the  air,  /,'  =  Rati  of  change 
of  mass.  The  lateral  refraction  will  cause  a  correction 
to  the  computed  azimuths  of  the  form 

Aa  =  .see  (<f>  —  5)  cosec  (0  —  5)  dr. 
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Hence,  the  total  effecl  at  any  declination  will  be,  for 
Albany,  sec  5  [  +  2.01  sin  (<£  -  5)  +  sec  (<f>-5)]X 
(M  +  MR)  =  dr.  The  values  of  dr  were  computed 
for  each  stretch  and  applied.  Collecting  the  com- 
puted values  we  have  column  (4),  and  collecting  the 
(O  —  C)  values  we   have  column  (5). 


The  application  of  these  corrections  reduced  the 
probable  error  from  ±".0336  with  a  probable  error  of 
±s.0048  to  ±s.0259  with  a  probable  error  of   ±s.0031. 

The  details  of  the  investigation  will  appear  in  a 
later  paper. 

Dudley  Observatory,  Albany,  N.   Y., 
April  28,  1921. 


MEASURES  OF   DOUBLE   STARS. 

MADE    WITH    THE    II)1..    IN.    REFRACTOR   OF   THE    UNIVERSITY    OF    MINNESOTA, 

By   F.    P.    LEAVENWORTH. 


These  observations  follow  the 
binaries.     Magnifying  power  400. 

456  2  67     0h47m  +10   4' 

20.853        0.1        L.9S  8.3       s7 
20.869        0.3       2.12 

20.87S         1.1       1.86  8.3       8.6 


measures  published  in  A.  J.,  749.     The  double  star: 
Right  ascensions  and  declinations  for  1900. 


are  mostly  well  known 


120.87          ().:>  t.98  8.3       8.6     3fl 

479  02  20  n'1  19"'     +18   39' 

l'i  052     300.3  0  12  6.5       7..", 

L9.071     298.0  0.56  6.0      7.0 

19.085    298.3  0.55  6.0      7.5 


298.9      0.51     6.2 


482 

2  73 

01'  50m 

+2. 

I  5' 

19.082 

47.9 

077 

L9.996 

:,i.i 

0.64 

6.0 

6.2 

20.845 

0.79 

6.0 

6.2 

20  875 

54.4 

0.90 

20.930 

53.0 

0.65 

6.0 

6.2 

1919.54         19.6      0.70     6.0      6.2     2fl 
1920.8S         53.7       0.78     6.0       6.2 


707  I    113     1"  1." 


19.876 

1.42 

6.2 

6.8 

19.884 

1 

1.31 

6.2 

6.7 

20.878 

358.0 

I  61 

6.2 

70 

20.930 

360  I 

1.73 

6.2 

6.7 

20.935 

360.0 

1.59 

6.2 

6.7 

1919.88       359.2       1.36     6.2      6.8     2n 
1920.91       359.5       1.64     6.2       6.8     3fl 


830  I    138     lh31n 
20.845       13.8       I'll 
20.930 


+  7:  8' 


ii  f, 


1    is 


12.' 


,1 


1365  02  13  2h  Ii:.'" 
19.071  -il  7  0.97 
19.073       .17  . 

1.04 
19.085       34.1 1 


7.1  7.U 

H  26'  11' 

r.O  9.3 

To  -.  s 


1427  2  305 
L9.996  313.7 
20.935  313.6 
21.021  315.6 
21.026     314.4 


._,h42m  -|-18°  57 

3.12  7.3       7.9 

3.09  7.3       7.S 

3.04  7.3       7.9 

3.17  7.3       S.O 


1920.74       314.3      3.10     7.3 


1512  2  333 
19.996  204  1 
20.935     202.2 

2 iO     204.4 

21.018     204.6 


2"  7,3" 
1.38 
i  B6 
1 .35 
1.46 


+20°  56' 
5.5      6.0 
5.5        1 1.1 
5.5       6  5 
5.5       6.2 


1920.73  203.9       1.46     5.5       6.2     4// 

1900  02   65  31'  44".'      +2.V  17' 

21.02:1  206.4  0.67       

21.058  206.3  0.54     6.4       7.4 

21.064  208.2  0.55     6.4       7  2 


1921.05       207(1      0.59     6  1 


2109  2  518  4"  llm 
A   and  S 
19.071   105.4  82.95 
19.082  105.3  82.71 
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EPHEMERIS  OF   THE   PONS-WINNECKE  COMET, 

By    F.    E.   SEAGRAVE. 
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The  abo.ve  epheraeris  is  based  upon  the  following 
elements  by  Mr.  Crawford  and  Miss  Levy:  — 


J 

= 

1921  June  13 

45 

G. 

M. 

T 

la 

= 

176°  32' 

vr 

= 

27o    !' 

i 

= 

93°  32' 
19c    7' 

"-'  ' 

= 

;i.x;504,7**(f 

OK  a 

= 

0.50956 

M 

= 

610".47 

<k 

= 

1.017 

A    CORRECTION,  '     '     ^ 

By   H.    R.    MORGAN.  *  • 

[Communicated  by  Superintendent,  U.  S.  Naval  observatory.] 

Mr.  R.  T.  A.  Innes  has  kindly  called  my  attention  to  the  fad  that  the  proper-mot  inns  of  the  stars  as 
given  in  the  catalogs  are  independent  of  the  aberration  due  to  the  motion  of  the  solar  system  in  space.  The 
conclusions  as  to  proper-mol  ions  in  my  art  tele  in  the  Astronomical  Journal  No.  774,  p.  42,  are  therefore  erroneous. 
The  heading  d  (Aa  cos  5)  in  Table  II  should  be  (d  Aa)  cos  5. 
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OX    THE    DETERMINATION    OF    DOUBLE    STAi;    ORBITS    FROM     INCOMPLETE 

DATA.   SECOND    PAPER,    WITH    AN    APPLICATION    To    Till:    ORBIT    OF 

y  CORONAE  BOREALIS,    BU.   7368, 


By   GEORGE  C.   COMSTOCK. 


Under  ordinary  circumstances  the  measured  position 
angles  of  a  double  star  contributi  more  effectively  to 
the  determination  of  its  orbil  than  do  the  measured 
distances,  bu1  with  increasing  inclination  of  the  orbil 
plane  the  distances  gain  considerably  in  relative  value 
and  a  special  method  of  utilizing  them  in  such  cases  is 
developed  in  \\  hal  follows. 

Lei    /■'    and    v    denote    the    radius    rector    and    true 
:ii   any   point    in  the  perimeter  of  an  ellipse 
and    I80c    f  v  be  the  corresponding  coordi- 
•      the   opposite   extremity    of    the   focal    chord 
drawn  from  the  assumed  point.     These  several  coordi- 
nates  are   connected    with    the   latus   rectum,    p,   and 
eccentricity,  e,  of  the  ellipse  by  the  relations: 

—.  =  -  (1  +e  co  ,,       -  (1  —  e  cos  v) 

i  r         p 

By  addition  and  subtraction  these  illations  become 

r"  +  r'         1  r" 


ciisr 
P 


(1) 


Lei  6  denote  the  angle  between  r'  and  its  projection  s' 
in  the  apparent  orbil  of  a  star,  then  will  s'  =  r'  cos  h. 
s"  =  r"  cos  b  and  eliminating  r'  r"  from  Eq.  I  by  means 
of  these  relations  we  obtain  for  the  apparent  orbit 


•J.-  s  .  s 

,    =    P  COS  0  =  2 

s"  +  s 


2 


where  the  symbols  z  and  f  are  introduced  a-  abbrevia- 
for  the  function-  of  s',  s"  which  they  respectively 
equal. 

In    practice   The   observed    position  I    dis- 

es,  0,  s.  should  be  independently  plotted  as  ordi- 


to  the  time  as  abscissa  and  smooth  curves  so 
drawn  through  the  plotted  data  as  to  satisfy  the 
a  priori  condition  s2d6  ill  =  c,  a  constant.  The 
results  of  this  graphical  adjustment  of  the  data  will  bi 
hereafter  designated  the  0-curve  and  the  s-curve. 
For  any  assumed,  date,  T,  we  may  read  From  these 
curves  values  of.0  and  s'  and  with  the  argument 
0  +  18(1  find  a  value  of  s"  connected  with  s'  through 
Eq.  2.  The  :  and  f  computed  from  s',  s"  are  clearly 
function^  0f  T  and  their  values,  corresponding  to  the 
entire  range  of  available  data,  should  be  plotted  with 
T  as  abscissa.  Smooth  curves  drawn  through  these 
plotted  points  will  be  called  the  z-curve  and  the 
s-curve.  From  Eq.  2  we  obtain  the  following  proper- 
ties of  these  curves 

The  f-Ci  i;\  i 

Within  one  complete  revolution  of  the  star  in  its 
orl.it  the  f -Curve  should  present  one  maximum  value, 
G,  corresponding  to  v  =  0°  and  one  numerically  equal 
and  negative  minimum,  G,  corresponding  to  v  = 
ISO.  The  limes  corresponding  to  these  values  are 
given  immediately  bj  the. curve  and  will  be  called 
T\,  1\.  With  these  values  of  T  we  may  obtain  from 
the  0-curvi  the  corresponding  position  angles,  which 
should  differ  by  L80  .  and  each  of  which  will  be  desig- 
nated r.  with  the  understanding  thai  L80  is  to  be 
added  to  the  value  corresponding  to  negative  values 
of  J".  The  points  at  which  the  f -curve  cuts  the  axis  ol 
abscissa-,  f  =  0,  evidently  correspond  to  v  =  ±90° 
and  the  corresponding  times  and  position  a'ngles  will 
be  represented  by  '/'•...  '/'„.  II.  with  an  understanding 
similar  to  the  above  that  the  two  value-  obtained  for 
n  should  differ  by    I  mi  . 

(163) 


164 


THE     ASTRONOMICAL     J  O  U  R  N  A  I. 


N°-  788 


These  several  quantities  are  related  to  the  orbit  of 
t  he  star  as  follows: 

±G  =  Eccentricity  of  the  orbit  =  e 
T]  =  Time  of  periastron  passage  =  T 
Ti  =  Time  of  apastron  passag 
r  =  Position  angle  of  the  projected  major  axis 
IT  =  Position  angle  of  the  projected  latus-reetum 
and  minor  axis. 

When  the  star  passes  through  either  extremity  of  the 
minor  axis  we  have  ±v  =  90°  +  >p  where  <p  denotes 
the  angle  of  eccentricity  defined  by  the  relation 
sin  <p  =  e.  For  these  epochs  j*  =  —  c-  and  we  find 
upon  the  curve  two  points  for  which  i"  =  G2  and 
represent  the  corresponding  times  of  transit  over  the 
minor  axis  by  T3,  T-,  respectively.  It  is  evident  that 
the  time  of  periastron  passage  is  equal  to  the  mean  of 
the  times  of  transit  through  the  extremities  of  the 
latus  rectum  or  the  extremities  of  the  minor  axis. 


2T  =  T*+  1\  =  T3  +  Tt,, 


(4) 


and  more  generally  T  [or  T,  equals  the  mean  o 
times  corresponding  to  any  two  equal  values  of  {", 
the  points  of  intersection  of  the  {"-curve  with  any  line 
parallel  to  the  T-axis.  Through  this  relation  there 
may  lie  made  an  indefinite  number  of  determinations 
of  T  whose  agreement  inter  se  will  serve  as  a  control 
upon  .  acy    with    which    the   curve    has    been 

drawn. 

From  the  several  values  T-,  7'j.  .  7V  above  found, 
the  periodic  time  in  the  orbit  may  he  obtained  through 
a  variety  of  combinations  the  simplesi  of  which  is 


P  =  2(T4  -  7",). 


Other  relations  are 


/'   2^  =  (Ti  -  T:)/(-  -  2G), 


and 


.1   /'  =  Ti  -  7Y 


(5) 


etc. 


where   .1,    is  a  function  of  e 
No.  785. 


riven   in  Tal 


The  c-Ctjrve 

The   angl  ined    in    Eq.    2    must    always 

between  the  limits  ±  i,  (inclinatii 

and   within  i   /'  it  will  twice  pass  through  each 

lies,    b  =  0,    b  =  I,    and    corresponding     bo 

these    values    the   curve   must    present    two   equal    max- 


ima,  I),  and  two  equal   minima,   tl.      Corresponding   to 
these   ordinates   we   find,   as   above,  pairs   of   position 
angles    A,    o.    that    should    differ    by    1S0C    within 
pair.      These  quantities  are  related  to  the  real  orl 
follows: 


I)  =  Semi-latus-rectum  =  p 

d  =  =  p  < 

A  =  Position  angle  of  the  node  =  SI 
&  =  =  SI  =  90c 


(6) 


In  terms  of  the  quantities  above  defined  we  may  now 
determine  a  relation  between  the  three  curves,  y,  s\  ^. 
that  will  serve  as  a  drastic  control  upon  their  construc- 
tion and  upon  the  constants  above  found  from  them. 
Putting  dO  <IT  =  6'  <l<;  dT  =  {•'  we  find  from  the 
tive  curves  the  values  of  these  quantities  corre- 
sponding to  i"  =  0,  i.  e.  the  slope  of  each  curve  for  the 
time  at  which  the  {"-curve  cuts  the  axis  of  abscissas. 
Representing  by  c  twice  the  areal  velocity  in  the 
apparent  orbit  we  readily  find  from  the  relation 

c  =  s20'  =  /•-  cos  ;  dt    dT 

Mowing  control  equation  (for  f  =  0)  when 
the  ordinate  of  the  j-curve  at  the  time  when  f  =  0: 


=  57.3  1)  ,1  f  =  G  :  -6'  =  a  constant. 


(7) 


Since  the  coefficient  of  {"'contains  only  constant  factors 
the  two  values  of  {"'  must  be  equal  i.e.  the  {"-curve  must 
make  equal  angles  with  the  time  axis  at  its  two  points 
of  intersection.  More  generally  the  {"-curve  is  sym- 
metrical with  respect  to  its  maximum  and  minimum 
ordinates  and  this  characteristic  may  be  utilized  in 
constructing  it   from  scanty  data. 

Eq.  7  being  satisfied  we  may  find  the  remaining 
tent  of  the  orbit,  X.  the  angle  from  node  to  peri- 
astron measured  in  the  direction  of  increasing  d  as 
follows:  From  the  right  angled  spherical  triangle  in 
which  the  angle  of  inclination,  i,  is  included  between 
the  hypotheneuse,  X.  and  the  side,  r  —  A,  we  obtain, 

</  sin  \  =  Zo  sin  (r  —  A) 

I)  cos  \  =   :,  cos    r  —  A  ■ 

Since  the  coefficients  in  these  equations  are  all  positive 
numbers  X  must  lie  in  the  same  quandrant  with  r  —  A 
and  its  value  is  conveniently  found  from 

d  tan  X  =  /)  tan  (r  -  A)  (8) 

A  final  control   upon   much  of  what   precedes  may  be 


\       7  >x 
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had  by  determining  the  inclination,  /,  from  ill!1  angle 
X  included  between  the  projected  major  and  minor 
a\c<  of  the  orbit.  Astr.  Jour.  No.  785.  Adapting  the 
equations  there  given  to  the  presi  m  notation  we  have. 


tan  y  =  sin  2X  tan  ir  -  II) 
tan  i    =  sec  I  l-V  +  ^/2)  \/sin ^ 


bove  noted  there  are  two  values  for  both  r  and  il 
and  from  these  thai  pair  is  to  be  chosen  thai  will  place 
r  —  II  in  the  firsl  quadrant.  Compare  the  value  of  i 
here  found  with  thai  to  be  obtained  from  Eq.  6. 

The  equations  3  to  9  inclusive  suffice  for  multiple 
determination  and  control  of  all  the  elements  of  the 
true  orliit  without  necessity  for  constructing  the 
n  n1  orbit.  It  may  be  well,  nevertheless,  to  draw 
this  orhit  in  order  to  impose  upon  the  data  the  condi- 
tion that  the  star's  apparent  path  must  be  all  ellipse, 
and  to  adjust  the  observed  data  to  meet  this  require- 
ment. But  it  is  by  no  means  necessarj  to  make  this 
truction  since  the  apriori  conditions  above  devel- 
oped to  which  the  Z-  and  ^-curves  are  subject  are 
derived  from  the  assumption  of  elliptic  motion  and  in 
themselves  they  furnish  a  convenient  method  of 
adjusting  the  data  to  thai  condition. 

Tor  an  application  of  the  methods  above  sel  forth  I 
:  the  binary  star  7  Coronae  Borealis  whose  very 
narrow  apparent  orhit  imposes  upon  the  computer  the 
obligation  to  make  large  use  of  the  measured  dis- 
tances. From  the  material  collected  by  Lewis, 
Mem.  li'.A.S.,  Vol.  I. VI,  supplemented  by  the  more 
i1   observations  of  Aitken.  Van  Biesbroeck  and 

(  OMSTOCK,  I  have  constructed  for  the  equinox  of  1900 
normal  places,  as  indicated  in  Table  1.  infra.  The 
first  two  columns  of  this  table  show  the  observers  and 
the  total  number  of  individual  results  entering  into 
each  normal  place.  From  this  data  1  have  con- 
structed to  scale  100°  =  100"""  =  1",  the  Z-  and 
f-curves  shown,  reduced  about  4-fold,  in  Plate  A. 
Broken  lines  here  indicate  that  in  the  absence  of 
observed  data  certain  parts  of  these  curves  are  of 
necessity  drawn  by  inference.  The  degree  of  approxi- 
mation to  which  the  condition  of  constanl  areal  veloc- 
ity has  been  realized  is  shown  in  the  second  column  of 
Table  11  where  the  value  of  c,  as  read  from  the  curves, 
1-  given  at  five  year  intervals.  The  simple  mean  of 
the  numbers  here  tabulated  gives  c  =  0. 1.">7  as  the 
value  of  this  constanl  when  s  is  expressed  in  seconds 
of  arc  and  6  in  degrees  per  annum.  The  values  of 
C  printed  in  italics  correspond  to  dates  for  which 
iate  observations  are  nol  available.  Thej  can 
contribute  little  to  a  determination  of  the  areal  velocity 
and   1   adopt    therefore  as  a  definitive  value  oi    i 


l'\i;u.    I 


Ma. 

Ma.   02    Daw..  .  . 

Ma. 

Ma.  02.   Bond 

02 

M  \.    Daw.   Jacob 

Ma.  02.  Daw.  Se< 

02    Daw 

02 

( >2   Engi 

02   Hall  Sp... 
02  

II  \i.i..    (i 

Se.  Engl.   Pi  rb 

Sp 

Se.    Ill 

Si' 

Sp.    HI    

Sp.   H2   

Sp.  Hi  Hall 
Bigoi  1;.  <  !om. 
Si> 


Com.  111.  Barn. 

Sec 

Com 

Ait.   Don.    His. 

Lewis 

Ait.  Com 

Ait.  Dob.   Buy. 

I.kw  .  Seab.  .  .  . 

An.   <  'nil 

\n     I'.uv.   W.B.  . 

All'.    (  'o.M 

Bry.  Biesb.   W.B. 

Doo 

W.  B.  Lewis     ... 

\i  1 ,   <  'mi 

(  !om.   Biesb 

Doo 

<  'mi.   Biesb 

\i  1 .  1  om.   Biesb. 

(  !om.   Biesb 

Com 


2 
3 
3 

11 
19 

Is 
:;i 
1  1 
is 
24 

0 
16 

-I 


1826.75 
28.98 
32.76 

U.50 
13.22 

45.17 
17.89 

51.40 

57.24 
59.16 

(in.:;;, 
67.41 
Si  n  gl  e 
1878.07 

Single 

83.66 
85.04 
86.39 
87.51 
88  32 
89.80 
91.53 
92.74 
93.30 

95.21 
97.56 

97.79 
98.98 

1900.72 

(t  I. I'd 
02.08 

02.92 

03.42 
04.93 
05.66 
08.30 
08.39 
10.57 
12.72 
15.48 
18.43 


110.8 
L10.4 

KM. II 

333.0 
287.8 

2'.r_M 
293.6 
2ss.ll 
289.0 
285.4 
283.4 
285.8 
267.2 

157.0 

138.] 
133.4 
128.3 
126.5 
L25.2 
1 2:;.  I 
123.7 
120.:, 
121.3 

119.0 
121.1 

118.7 
119.2 

I  17.0 
120.0 
117.4 
115.0 

l  ir,. '.1 
I  19.4 
I  17.5 
115.1 
112.0 
114.8 
115.5 
114.8 
114,0 


0.73 

.:»4 

in 

.is 
.4] 
.1  I 
.42 
is 
..",1 
,12 
.46 
.44 
.HO 

.7,0 

.27 
.34 
,10 
.38 
.45 
.45 
.43 
.48 
.50 

.56 

.52 

.62 
.64 

.61 
.62 
.55 

.07 

.71 
.00 
.67 
.03 

.53 

.09 
.68 
.68 
.63 
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Table  II 


mean  of  the  values  printed  in  Roman  type, 
c  =  0.158.  The  agreemenl  of  this  value  with  the  one 
first  found  may  be  regarded  as  evidence  thai  in  the 
mean  the  parts  of  the  6-  and  s-curves  drawn  by  infer- 
ence are  in  substantia]  agreement  with  the  observed 
data. 

From  these  curves  I  read  the  values  of  Sands' shown 
in  the  third  and  fourth  columns  of  Table  II  and  with 
the  argument  8  4-  ISO"  I  find  the  values  of  s"  shown 
in  the  fifth  column  of  the  same  table.  The  quantities 
<  and  :  shown  in  the  following  two  columns  of  the 
table  were  read  from  a  slide  rule  under  the  form, 


1   = 


s"  +  s' 


s'  =  2s"  :s"  +  s'. 


These  values  of  f  and  :  were  so  plotted  on  the  same 

and  to  the  same  scale  with  the  0-  and  s-curves, 

Plate  A,  that   the  characteristics  of  any  one  of  the 

curves  are  immediately  comparable  with  those  of  any 

Other.       Till'    elements    of    the    orbit    of    -y     Ciirniim     a  re 
now   furnished   by   these  curves  almost    at    sight,  e.g. 


Epoch 

*-  ,r 

e 

* 

s" 

C 

z 

1830 

o.ic, 

109 

0.58 

0.48 

-0.09 

0.53 

35 

.13 

7ii 

.08 

.11 

+    .16 

.09 

40 

.15 

321 

.12 

.22 

.31 

.15 

45 

.16 

295 

.36 

.67 

.31 

.47 

50 

.16 

290 

.46 

.56 

+   .10 

.50 

55 

.16 

287 

.52 

.50 

-    .02 

.48 

60 

.17 

283 

.40 

.39 

.08 

.42 

65 

.15 

271 

.16 

.23 

.18 

.19 

70 

.16 

230 

.08 

.05 

.23 

.06 

75 

.16 

174 

.13 

.08 

.24 

.10 

80 

.Hi 

144 

.22 

.11 

.34 

.15 

85 

.Hi 

131 

.33 

.16 

.35 

.15 

90 

.Hi 

1 25 

.43 

.18 

.41 

.21 

95 

.16 

121 

.52 

.25 

.36 

.35 

1900 

.14 

118 

.62 

.29 

.30 

.39 

05 

.16 

117 

.07 

.30 

.35 

.41 

10 

.Hi 

115 

.67 

.36 

.30 

.17 

15 
Mean 

.Hi 

113 

.66 

.40 

-    .25 

.50 

0.158 

Ephemeris 


T 

0 

s 

o 

„ 

190S.0 
10. 

l15-6        or 

H5.0  °-; 

0.72 
.72 

0 

1 
0 
0 

1 

2 
3 
3 
5 
5 
6 
8 
8 

10 

10 

12. 

114.3         * 
113.6          'L 

.73 

14. 

.73 

16. 

112.9          '1 

.73 

is. 

112.2 

L11.6         * 
L10.8        * 

1100       L0 

109.0     :" 

107.9          \t 

llHi-7       L9 

1,,LS       3.0 
101.8 

07  3        ''•, 
13.2 
84  1 

w          68- 

H>. 

313.        

.72 

20. 

.70 

22. 

.67 

21. 

.64 

2i  i. 
28. 

.59 

.5  1 

30. 

.48 

32. 
34. 

30. 
38. 

.40 
.32 

.22 

.12 

40. 

.05 

12.0 

.13 

8 
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From  the  f -Curve 


Maximum 

and 
Minimum 
f  =  0 

f  =  -G' 


G   =  0.40. 

0.40 

r  =  30]  . 

1 23 

T  =  1842, 

L892 

n  =  102  . 

288 

T  =  1831.6, 

is.',  I.I 

T  =  1864 

Eccentricity  =  it.  lo 
Periastron,  d  =  122° 
Periodic  Time       loo  years 
Minor  Axis  0  =  L05 
Periastron,  T  =  1842  8 
Minor  Axis,  T  =   L864 


From  the  ,:-<  !um  e 


z  —  Maxima 
2  =  Minima 


l> 

=  0.51 

0.51 

A 

=  111° 

d 

=  0.07 

0.07 

5 

=  24° 

200 

p  =  I)"..")  1  =  a  cos2  p 

&  =  HI 

p  cos  i  =  0.07 

ft  =  11 1    and  1  LO 


These  quantities  arc  for  the  most  part  to  be  regarded 
as  only  illustrative  of  the  properties  of  the  curves. 
Before  attempting  to  utilize-  them  further,  recourse 
should  be  had  to  the  check  relation.  Eq.  7.  as  shown 
in  the  following  schedule 


i  57.3Z>df 


For  f  =  0 

1832 
it  in 
5.6 
0.023 
0.046 
.1)47 


1854 

0.7,0 
0.50 
0.023 
0.047 
.046 


The  agreement  shown  in  the  last  two  lines  of  the 
schedule  constitutes  a  satisfactory  control  upon  the 
values  dt'  the  constants  G,  D,  <l  and  upon  the  sub- 
stantial accuracy  of  the  9,  f  and  z-curves  in  the  ■ 

adjacent  to  periastron.  i.e.,  in  the  parts  drawn  by 
inference. 

We  may  now  proceed  as  follows  In  a  more  precise 
determination  of  the  elements  of  the  orbit  beginning 
with  the  time  of  periastron  passage,  from  the 
iT-curve  we  lind  for  selected  pairs  of  equal  values  of  f, 

the  times,  T,  shown  in  the  following  schedule,  where 
the  positive  values  of  f  relate  to  periastron  and  the 
negative  to  apastron  passage. 


+ 


0.00 

.05 
.10 
.15 
.20 
.25 
+  .30 
Max. 


i 

1831.6 
33.8 
35.2 
36.2 

37.1 
38.2 
39.5 


1  EtOH 

T" 

IS.",  1.1 
51.6 
50.0 
49.1 

I7.S 
Hi.  s 
45.6 


Mean 


T 

L842.8 
12.7 
42.6 
42.6 
42.5 
42.5 
42.5 
42.4 

L  842.6 


These  mean  values  may  be  adopted  as  definitive  and 
from  their  difference  we  find 

P  =  2i  L893.5  -   L842.6)  =  L01.8  years. 

Another  and  possibly  better  value  of  /'  may  be  found 
from  the  circumstance  thai  within  the  period  covered 
by  observation  the  star  has  nearly  completed  a  rev- 


C 
-0.25 

.30 
-  .35 
Min. 


Apastron 

r 

T" 

872,6 

1014.1 

77.1 

10.2 

82.7 

04.3 

Mean 


Iso:;.  | 
93.6 
93.5 
93.   (?) 


L893.5 


olution  in  its  orbit.     Thus  from  the  0-curve 


For  1830.0 

1015.0 


109. 

11  1.5 


S5.0  years    =  354  .5  motion. 

The  time  A/'  required  for  the  remaining  A0  =  5°.5  of 
orbital   motion   is  obviously  equal  to  Ad  divided  by  a 
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mean  value  of  6'  =  c  V.  From  the  s-curve  ii  is 
apparent  that  the  mean  value  of  s  during  this  period 
cannot  differ  much  from  0".66  or  0". 67  and  with  this 
value  and  c  =  0.158  I  find  AP  =  +15.4,  P  =  100.4 
years.  I  adopt  as  a  weighted  mean  result.  /'  =  101. II 
years.  Applying  one-half  of  this  value  to  the  time  of 
apastron  passage  above  found  we  obtain  a  new  value, 
T  =  1843.1),  for  comparison  with  the  time  of  periastron 
passage  directly  determined  from  tin-  positive  values 
of  t-     I  adopt    T  =  1842.7. 

These  results  enable  us  to  obtain  a  new  determination 
of  the  eccentricity,  <.  by  comparison  of  the  periodic 
time  with  the  time  required  to  pass  from  v  =  — 90c 
to»=  +  90  . 


Ax  =  (1854.1   -  1831.6)  -s-  101.0  =  0.223,  i 


0.45 


The  disparity  between  this  value  and  the  one  above 
!  from  the  ordinates  of  the  f-curve,  e  =  0.40. 
could  be  removed  l>y  slight  modifications  of  the  curves, 
corresponding  to  amendment  of  the  Strive  observa- 
tions, 1826  1832,  by  amounts  of  the  order  of  0".l. 
I  have  preferred  not  to  do  this,  and  allowing  the  dis- 
parity to  stand  I  adopt  as  a  mean  result,  e  =  0.42. 

Three  values  have  above  been  found  for  the  position 
angle  of  the  node  but  two  of  these,  derived  from  5,  are 
of  relatively  small  weight  since  they  depend  upon 
parts  of  the  curves  where  small  errors  of  position  are 
greatly  magnified  in  the  results  read  from  them.  On 
the  other  hand  it  is  apparent  that  a  maximum  of  the 
g-curve  lies  just  outside  the  range  of  observation  i.e. 
between  position  angles  110°  and  113°  and  we  may 
regard  these  numbers  as  a  confirmation  of  the  value 
found  from  the  observed  maximum  of  z.  I  adopt 
this  value,  viz.    Q,   =  1110. 

From  the  values  of  D  and  d  I  derive,  Eq.  6, 

p  =  0".51,  a  =  0".<32,         i  =  82°.  1, 

and  from  Eq.  7, 

X  =  234°.8. 

As  a  control  upon  these  values  we  find  through  Eq.  9. 
r  -  II  =  17  ,  ^  =  73°.9,  i  =  81°.9.  The  confirma- 
tion seem-  adequate  and  I  adopt  i  =  82°. 0. 

Collecting  the  results  above  obtained  and  dropping 


superfluous  digit-  we  find  as  the  elements  of  the  orbit 
of  7  ( 'oronae  Borealis 

P  =  101.  years 

T  =  1842.7 

Q,  =  111°.  1 
i  =    82  .   >  1900.0 

X  =  235  .   I 

e  =  0.42 

a   =  0".62 

n  =  -3°.564 

Of  these  elements  T.  \.  >'.  Q,.  and  a  appear  well 
determined.  The  uncertainty  in  e  is  probably  of  the 
oiiler  0.02  and  in  P.  2.  3,  or  possibly  4  years.  The 
elements  in  general  differ  hut  little  from  the  mean  of 
those  hitherto  found  and  collected  by  LEWIS,  loc.  at.. 
l>ut  a  considerable  body  of  modern  observations  now 
controls  and  in  part  supplants  the  early  observations 
of  Strvve  which  have  hitherto  had  a  dominant 
influence  upon  a  and  P.  As  a  result  of  this  recent  data 
the  periodic  time  becomes  greater  and  the  semi-axis- 
major  smaller  than  any  values  hitherto  determined. 

I  append  to  this  paper  a  brief  ephemeris  of  7  Coronat 
computed  from  the  foregoing  elements.  A  com- 
parison of  this  ephemeris  with  the  earliest  and  latest 
observations  available  brings  into  evidence  the  sys- 
tematic differences  between  the  observations  of  Strvve 
and  the  later  observers  made  at  approximately  the 
same  part  of  the  orbit,  viz.,  8  =  104°  to  115°. 

Observation  —  Ephemeris 


Obs'r 

Nights 

1    perl. 

O  — C 

e     |      s 

2 

2 

1826.75 

+  2.3 

+  0.18 

2 

3 

28.98 

+  3.4 

+   .06 

2 

3 

32.76 

+  1.2 

+   .07 

Ait.  Bies. 

(  !om. 

11 

1912.72 

+  1.5 

-   .05 

Bies. 

(  !om. 

12 

15.48 

+  1.7 

-    .05 

Com. 

9 

18.43 

+  1.9 

-   .09 

It  is  this  systematic  difference  in  s  that    is 
cause  of  uncertainty  in  the  present  orbit. 


Washburn  Obst  rvatory, 
March,  1921. 


the   chief 


A    FAINT   STAR  OF   CONSIDERABLE   PROPER-MOTION, 

Bl     II.   L.    ALDIA 
The    annual    proper-motion    in    right    ascension    of     from  the  McCormick  parallax  plates  by  C.  P.  Olivieh 

7  Hydrae,  R.  A.  13h  13'".  Decl.  -22    38'    L900),  derived  |  is  +0".17(i  as  given  in  the  Publication*  ,>/  the  Leander 
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McCormick  Observatory  3,  325.  The  corresponding 
value  from   the   Preliminary  Catalog  of   Boss 

is  +0".()t'i7.  the  proper-motion  in  declination  being 
— 0".051.  As  the  probable  error  of  the  McCormick 
value  of  the  proper-motion  derived  from  the  least 
square  solution  is  =*=0".0065  the  difference  is  real  and 
must  be  due  to  motion  of  one  or  more  of  the  three 
comparison  stars  used  in  the  original  solution. 

To  detect  this  motion  two  pairs  of  plates  were 
measured,  the  first  pair  separated  by  an  interval  of 
four  years  and  the  second  by  three  years.  Measures 
were  made  in  both  right  ascension  and  declination  and 
in  the  direct  and  reversed  position-  of  the  plate.  Each 
plate  contained  two  exposure-  of  sufficient  length  to 
show  all  the  stars  in  the  B.  I).  Nine  stars  including  y 
Hydrai  were  measured  on  the  first  pair  of  plates  and 
ten  on  the  second  pair. 

A     preliminary    solution    showed    that     the    second 

comparison   star   used    by    Olivier   had   a   motion   in 

ascension   of   the   order  of  a   third  of  a   second   of 

arc    per    year.     This    star    i-    />'.  D.      -  22   3557,     the 

position    for     1855    being    R.  A.     13h  11"  23a.4,     Decl. 

22    L5'.3  and  thi    magnitude  9.4. 

( (mil  ting   this   star  drat .   plate   consl 

mpi  ed  using  first  order  terms  only.  The 
proper-motion  of  the  /'.  D.  star  derived  from  the  two 
pairs  of  phi  1  •  ollows: 


Plates 


Interi  al 


Annual     Pi  oper-motion 
R.  A.  Decl. 


72 17  4.04 

1081  -  2.96 


-  0".356 
-0".375 


-0".029 
-0".045 


The  weighted  mean  gives  for  the  motion  in  right 
ascension     -0".364     or     — 0S.0263    and    in    declination 

0".036.      rh(   total  motion  is  0".366  m  264  .4. 

This  star  i-  found  in  the  ■  iographic  Durch- 

,  bu1  the  position  is  not  sufficiently  accurate 

to    permit    a    reliable    determination    of    the    proper- 


motion    by    comparison    with   this   catalog.      It    is    not 
found  in  the  I  lalog,  Vol.  XXII. 

In  the  solution  for  the  parallax  of  y  Hydrae  this  star 
had  a  dependence  of  0.3156.  Multiplying  the  motion 
of  tin-  star  in  righl  ascension  by  this  dependence  and 
correcting  the  observed  motion  of  y  Hydrae,  the  result- 
ing value  is  |-0".061,  in  good  agreement  with  Boss. 
The  proper-motion  of  7  Hydrat  was  also  obtained  from 
the  present  measures  bu1  with  considerable  uncerta 
because  of  the  large  size  of  the  image  on  the  earlier 
plates.      The   results   are: 


Plates 

Interval 
years 

Annual      Pro]  1 
It.  A               Decl. 

358       72 1 7 

1.(11 

■jn".07!      -0".014 

081  —5163 

2.96 

+0".049     -0".096 

The  weighted  means  give  in  righl  ascension  -|  0".O62 
and  in  declination  -  0".049.  These  values  also  agree 
with  t hose  of  Boss. 

The  parallax  of  |-0".007  obtained  by  Olivieb  for 
y  Hydrae  is  relative  to  the  mean  parallax  of  the  com- 
parison stars.  In  this  case  the  correction  to  absolute 
parallax  is  probably  greater  than  ami   usually 

applied  to  the  McCormick  relative  parallaxes.      \ 
of  magnitude  9.5  having  a  proper-motion  of  a  third  of 
aid  of  arc  per  year  has  on  the  average  a  parallax 
of  -(-0".028  according  to  Table  C  <>(  Derivation  of  the 
t  'hant  with   />■  tana    and    1  ppan  ni   Magni- 

ludt  by  P.  J.  Van  Rhijn,  Groningen  L915.  The  meas- 
urement of  twenty  plates  .  0".015  as 
the  parallax  of  /;.  I).  •_,'_'  :;.V>7  relative  in  four 
comparison  stars.  The  corresponding  absolute  parallax 
,034.  Assuming  that  the  other  comparison  stars 
,-,  Olivier  have  parallaxes  of  •  0".005,  the  cor- 
rection to  the  relative  parallax  of  y  Hydrae  is  1  0".015 
<iivint>-  an  absolute  parallax  of  -4-0".022. 

Leandl  /'    Ml  Co  :ti>ri/. 

February   .'/,  m.'l. 


PARALLAX  OF  NOVA   AQUILAE   3, 

Bi    C.    1'.   OLIVIEB    am)   II.    I>.   ALDEN. 


Nova    Aquila    3    was    discovered    independently    by 
Olivier  at  15h20ni  G.  M.  T.  on   L918  June  8  and  the 

first  plate  for  the  determination  of  parallax  was  taken 

by  Alden  a  couple  of  hours  later.     Additional  plates 

secured  on  .June  9  and  19.  but  for  all  of  them  the 

ctors    Acre  -mall  owing  to  the  position  of 

the   Nova    with    respect    to   the   Sun    at    the   time   of   dis- 
covery. 

Because  of   tin  hing  to  this  star  and 

for  the  purpose  of  testing  the  errors  of  measurement 

in  an  extended  series  of  plates,   the  plate-  were  meas- 


ured in  duplicate.  An  approximate  preliminary  par- 
allax of  -f0".004  obtained  from  measure-  by  Olivier 
of  the  plates  of  the  first  three  epochs  is  given  in  the 
Astroi  XXXII,    I0D.     Tie    fit 

contained  in  the  present    paper  are  based  on  twenty- 
nine  plates  taken  in  six  epochs  and  extending  over  a 
i    of    more    than    two    years.      Five    comparison 
-tar-  were  used  by  OLIVIER  and  four  by   ALDEN. 

Due  to  the  brightness  of  the   Vova  on   litis  June  8 
9    the  tive  plates  taken  on  those  dates  were  dis- 
carded  from    the   solution.      Mean-    which    have   since 
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been  devised  for  supplementing  the  rotating  sector  in 
cutting  down  the  light  of  extremely  bright  stars  were 
mailable  a1  thai  time  and  hence  the  images  of  the 
Nova  on  these  plates  were  large  and  showed  strongly 
ffect  of  diffraction  clue  to  the  use  of  a  very  narrow 
opening  of  the  rotating  sector. 

The    final    values    of   the    relative    parallax    and    the 
annual  motion  in  right  ascension  are  as  follows:  — 


i  ibserver 
I  M.IV1ER 

Alden 

Mean 


Relative  Parallax  Probable  error       Proper-motion 


-0   .015 
-0   .011 


±0".007 

±0  .(HIS 


=  0  .005 


-0".018 
-0  .008 

-0  .014 


Assuming  the  average  parallax  of  the  comparison 
stars  to  be  +0".005.  the  absolute  parallax  of  the  Nova 
is  — 0".006.  The  negative  value  thus  obtained  may  be 
due  to  an  appreciable  parallax  of  one  or  more  of  the 
comparison  stars.  The  distribution  of  residuals 
throughout  the  various  epochs,  however,  is  such  as  to 

Method 

Meridian  circle 
Meridian  circle 
Meridian  circle 

Photography  (prelimi 
Photography  (final) 


Observer 

H.  Philippot 
H.  Philippot 
E.  Delpokte 

1..    COTJRVOISIER 

A.    VAN    Ma  l\IA 
A.    VAN  Maa.nkx 


All  of  these  determinations  except  the  final  value  of 
van  Maanen  depend  upon  observations  extending 
over  a  period  of  about  a  year. 

Besides  tin'  direct  determinations  several  values 
mi  theoretical  considerations  have  been  pub- 
lished. < '.  LrcL.u  -Jansskx  (7)  has  deduced  par- 
allaxes of  +0".074  and  +0".059  from  the  maximum 
apparent  brightness  and  an  assumed  absolute  mag- 
nitude of'  the  Nova  at  maximum.  Trumpler  (8) 
derives  a  parallax  of  -f0".006  from  the  parallactic 
component  of  the  proper-motion  and  +0".003  from 
the  tables  of  \  \\  Rhun  based  on  the  magnitude  and 
proper-motion  of  the  Nova  prior  to  the  outburst. 

The  most  reliable  value  of  the  directly  measured 
parallax  of  Nova  Aquila  3  is  probably  the  mean  of  the 
tinal  photographic  values  weighted  in  the  usual  man- 


suggest  the  presence  of  errors  more  or  less  accidental 
in  character,  and  these  are  probably  responsible  for  the 
negative  parallax  obtained.  Full  details  of  the  meas- 
ures will  appear  in  the  "  Publications  of  the  Mc<  iormick 
Observatory."  It  is  sufficient  to  mention  here  that 
the  plates  are  well  up  to  the  average  quality  of  those 
taken  at  this  Observatory  and  that  twenty-six  of  the 
twenty-nine  plates  have  residuals  of  the  same  sign  for 
Olivier  and  Alden. 

It  should  lie  pointed  out  that  the  size  of  the  opening 
of  the  rotating  sector  varied  from  less  than  one  degree 
to  three  hundred  and  sixty  degrees  for  the  various 
plates  of  the  series,  the  plates  of  the  last  three  epochs 
being  taken  without  the  sector.  During  the  interval 
covered  by  the  plates  the  brightness  of  the  Ann) 
fluctuated  from  magnitude  minus  one  to  magnitude 
nine.  Also  during  the  last  four  epochs  the  Nova 
showed  a  distinct  disc  whose  diameter  increased 
approximately  with  the  time.  Perhaps  one  or  more 
of  these  conditions  introduced  errors  which  help  to 
account  for  the  negative  parallax. 

Other  direct  determinations  of  the  parallax  ol 
Aquila  3  are:  — 

Relative  parallax  Probable  error         Refi 


nary) 


tier.  A  correction  of  4-0".002  is  applied  to  VAN 
Maankx's  result  to  reduce  to  absolute  parallax. 
The  resulting  value  of  the  absolute  parallax  is  4-0".005 
±0".004,  corresponding  to  a  distance  of  <>•">()  light- 
years. 
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+  0".1!)7 

±0".050 

1 

-0   .04 

±1    .14 

2 

+  0   .064 

±0   .1)72 

3 

+0   .071 

±0   .013 

4 

+  0  .060 

±0   .004 

5 

+  0  .01 '.i 

±0  .006 

6 
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PHOTOGRAPHIC   DETERMINATIONS   OF   THE    PARALLAXES   OF   70   STARS 
WITH   THE   THAW    REFRACTOR, 

By   KEIY1X    BURNS. 


The  mean  number  of  plates  used  in  these  deter- 
minations is  lti. 4.  and  the  mean  number  of  comparison 
is  3.9.  The  mean  probable  error  is  ".1)074.  One 
plate  in  150  was  rejected  after  measurement.  In  L9 
regions  an  average  of  half  the  plates  were  measured  by 
former  members  of  the  staff. 

The  column  headed  "A.  0.  a"  gives  the  proper- 
motion  of  the  parallax  star  in  righl  ascension  relative 
to  the  comparison  stars.  The  proceeding  column 
gives  the  absolute  motion  in  right  ascension  as  meas- 
ured by  Boss  or  Porter.  The  last  column  gives  the 
sector  opening  in  per  cent,  an  opening  of  1.00  per  cent 
indicates  a  reduction  of  about  five  magnitudes. 


We    are    once    more    indebted    In    PROFESSOR    BaIIEY, 

tn  Miss  Cannon,  to  Phopessob  Porter,  and  to 
Professor  Boss  for  data  concerning  magnitude, 
spectral  class  and  proper-motion.  The  greater  portion 
of  the  computing,  including  the  hast  squares  reduc- 
tions, was  done  by  Miss  Bertha  Gribk. 

The  numbers  are  in  continuation  of  earlier  series. 
A  detailed  account  of  this  work  will  appear  in  the 
Publications  of  the  Allegheny  Observatory. 


Ml,  ill,,  ny  Obsi  rvalon  y, 

■I in,,   I,  liiJI, 


No 


a  (1900)     S     1900 


I  hirchmus- 
terung  No. 


Vie.  Man 
Class 


■roper-Motion 

( Catalog 

A.  ().  a 

Total 

a 

' 

' 

+  .009 

.21)7 

+  .293 

+  .278 

17 

-     11 

-  15 

-  9 

33 

+    26 

+    26 

283 

+  268 

+  268 
-    38 

152 

•     18 

—    22 

474 

+  474 

+  450 

94 

|     86 

+    73 

30 

+    11 

-      1 

15 

+      6 

-     10 

421 

-  129 

-  145 

Relative 
Parallax 

and  P.  E. 


Sector 

o/o 


400 

401 
402 
403 


404 
405 
400 
407 


ins 
409 
410 
411 
412 


02  L8    Br 

,m   . 
lis.  . .  . 
1  A  rietis .... 
Mean  (1  174) 

Br 
k  Ceti 

1  122 

2  122  

Mean 

it3  Orion  is  .  .  . 

Tauri 

gae  . .  . 

><l      .'.      .     . 

P.  M.  572  .  . 


h      m 

0  37 

1  25 

1  45 

1  45 

2  43 

3  14 

3  32 

3  32 

4  44 

4  46 

4  50 

t  55 

5  23 

+   3  38 
:    5  38 

+  21  47 
+  21  47 


+  55  29 
+  3  00 
+  0  16 
+  0  16 


+  3 

+   5 


93 

101 


-  33  00 

+  43  40 
+  54  35 


+  21     243 


+  55 
+   2 


714 

5 1 S 


4     0     010 


+   6  47     +0     702 
+  18  40     +18    743 


+  32  855 
+  43  11 60 
+54    902 


7.0 
5.1 


5.9 


3.9 
5.0 


5.1 
2.9 
Var 
7.0 


F8 
K 
I  •':, 
A.2 


0.1      (10 


F8 
A5 
K2 
F5p 

<;o 


+  .009  ±.006 

+    45  10 

+     17  0 

+       7  9 
+     14 

+    21  9 

+  112  S 

+    36  0 

+    43  10 
+    37 

+  123  7 

0  4 
+     16  7 

1  7 

+    22  7 


5.00 

o.so 

1.50 
L.50 


l.oo 

0.0(1 

30.00 

30.00 


0.20 
0.50 

0.30 
0.30 

15.00 


(171) 


172 


THE     ASTRONOMICAL     JiU'R  N  A  L 


\      789 


Name 


a     1900 


o  (1900) 


Durchmus- 
terung  No. 


Vis    Mag. 
( !lass 


Proper-Motion 


<  Catalog 


Total 


A.  O.  a 


Relative 

Parallax 
and  P.  E. 


Sector 

o/o 


113 

414 
415 
416 
417 

lis 

419 
420 


421 
422 
423 
424 

42.") 

426 
427 
428 

129 

130 
431 
132 
433 
434 

435 
136 
137 
138 
139 


I  10 
I  H 
1  12 


!  i:; 
1 1 1 

I  15 
1  16 


■J,7  .1  ii  rum, 
4'  A  urigae . 
Rumk  2024 
/>'.  I).  +4it    1759 
Lai.  13784  .  .  . 


Lai.  13791 

Mian 

'20'  Lyncis 

202  Lyncis 

Mean  (2  1065) 

2  1093  (mean)  . 
14  Can.  Min.    . . 

Lai.  15547 

Fed.  1217 

Groom.  1437    . . . 

Lai.  16616 

l  <  'ancri 

i  ( 'ancri  

.Mean  (2  1268)  . 
Lai.  17480 

Lai.  18397 

h.23  Urs.  Maj..  . 

Lai.  20881 

'  room.  1930    .  . 

Lai.  252ss 

26289 

.1   570  (  mean  i 
//  2752  (Br.) 

Lai.  27742 

Lai.  2774M    ... 

Mean  (2   1919) 
/i1  Boolis 

0    S(  f  jit  litis 

pentis 

Mean  (21954). 

\    Hi  rrnl-s 

i 

m-  37  Herculis  .  . 
Mean(231,Ap.I) 
t  Hi  rculis 


6  44 
(i  46 

6  50 
(i  51 

7  02 

7  02 

7  15 
7  15 


7  23 
7  53 
7  54 

7  56 

s  21 

8  25 

S  41 

8  41 

S  47 

9  16 
9  24 

1()  46 

12  44 

13  37 

14  18 

14  28 
I  I    18 

15  08 

1 5  1 18 


1 .".  2 1 
15  30 
15  30 


15  49 

16  36 
L6  36 

16  56 


O     1 

+  41  54 

+  38  34 

+  4(1  13 

+  40  12 

+  15  41 

+  15  41 

+  50  20 

+  50  20 

+  50  12 

+  2  29 

+  21  08 

+  68  40 

■  ir,  59 

+50  58 

+  29  OS 

+  29  OS 

■t  8  27 

+  40  38 

+63  30 

+  20  49 

1-60  52 

+  s  54 

|  I  13 

4  27  07 

;-  15  01 

+  19  39 

+  19  40 

-  37  \  1 

■  L0  53 

+  42  44 

4-  1  24 

+  4  25 

+3]  04 

+  41  1536 
i  38  1636 

+  40  1758 
+  40  1759 
+  15  1473 

-  15  1470 


+  50  1420 

+  50  1436 
+  2  1833 
+  21  1731 
+  68  518 
+  40  1398 

+  51  1431 


-+29  1824 
+  S  2134 

+  40  2197 
+  03  S45 
+  21  2247 
+  01  1320 
+  9  279S 

f  I  2920 

^_>7  2388 
+  45  2228 


+  19  2939 

+  37  2030 


+  11  282] 

i-  12  2648 
•  1  3234 

•■  1  :;^:;5 

+  31  2917 


5.0 

6.3 
S.4 
9.5 


7.3 
7.4 


8.0 

5.4 
8.6 
7.0 
6.3 


3.8 

8.1 
5.9 

6.1 


0.4 
4.5 


1.2 


4.6 
6.9 

5.7 

3.9 


K 

A 

1x5 
F5 

F8 


7.4  FS 


F0 
F0 


F5 
G2 
G5 
F5 
F5 


7.4  GO 
6.6  A  5 
4.2  G5 


6.6  <;o 


K2 

F 

F5 

F 

<; 


6.3  G 
5.9  A 
8.0  F5 


.136 
185 
43- 

231 

213 

04 
47 


1S4 
573 
314 
361 

376 

52 

300 

521 
117 
502 
96 
387 

525 

84 

00S 
05  4 


165 
58 
66 


703 
21 

14 


-.017 

+  31 
+  126 

-  60 

-  50 

-  28 
9 


-  156 
+  178 

-  202 

-  30 

-  96 

-  18 
+  178 


-  347 
+  114 

-  241 
+  90 

-  378 

+  201 

-  70 

-  599 

-  591 


145 

58 
65 


+  44S 

-  12 

-  3 

12 


-.022 

+  63 

+  120 

•  17 


-  77 


+  23 

-  153 
+  198 

-  196 

-  12 

-  75 
+  29 
+  41 


+  181 

-  340 
+  120 

-  255 
+  126 

-  368 

+  160 

47 
+  41 

-  569 

-  572 


138 
56 

07 


+  455 
+  19 
+  22 

-  62 


-.008 

-  6 
+  20 

13 

+  35 

+  25 

+  30 

3 

+  4 

-  1 

-  2 

+  24 

+  38 

+  15 

+  40 

+  14 

+  28 

+  7 

+  15 

+  14 

+  28 

+  28 

+  21 

+  34 

+  32 

+  61 

+  6 

-  34 
+  26 
+  24 

+  25 

+  13 

+  16 

+  12 

+  14 

+  60 

-  8 
±  0 

-  5 
+  13 


.007 


1.40 
1.40 

30.00 
30.00 

10.00 

10.00 

6.00 
6.00 


10.00 
1.00 
7.00 

12.00 
1.00 

3.00 
1.C0 
1.00 

1.50 

15.00 
0.15 

lo.oo 

1.20 

0.90 

2.50 

1.00 

12.00 

1.50 

1.50 


0.25 
0.30 
0.30 


1.50 
2.00 

2.00 

0.30 
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147 

us 

1  I!) 

450 

i:.l 

152 

I.",:; 
154 

1."..") 
156 
157 
158 
459 

Kill 
101 
462 
163 
164 

165 
466 
167 

468 

169 


Name 


/.«//.  :ill74 

4,1  Draconis .  .  .  . 
1/-  Draconis .  .  .  . 
Mean  (2  '-"-Ml  I 

<"     

i  '-'  l.iirnc 

Mean 

W2  IN"  1170.    . 

Lai.  35248 

'■'>  Cygni 

\  Aquilae  1  M  I 
-,  A  i/ 11 1  hie 

0  Sagittae 

t  Draconis  ( Br) 
21  Vulpeculae 

Groom.  :■',  100 

Lai.  39956 

5  Equuli  /'  Mean  I 

a  1  <  phei 

H.  I).  +32°  4134 

1  12   155  (Br.).  .  . 

f1   .1  ijiiiir/i    

<■'-  Aquarii 

Mean  (2  2909) 
55  /'<  gasi 

•;        '    '<    P^    I  


a  1  1900) 

h      m 

17  (II 

17  44 

17   1  1 

18  41 

is   II 

is  34 

1 8  5 1 

L9  2] 

111  38 

111  42 

L9  I:; 

1!)  48 

20  12 

20  27 

20  36 

21   10 

21   16 

21   17 

21  52 

22  24 

22  24 

23  02 

23  35 

8     L9O0 


+    4  34 

+  72  12 
+  72  12 


+37  30 


+  :57  29 


+  28  51 

-  .->  52 

+  24  44 

+  I  1  35 
f-10  22 

•  is  17 
+  70  (II 
+  24  22 

4  15  35 

+  i!)  34 
I  9  36 
+  112  1(1 
+32  11 

+  15  38 
11  32 

-  0  32 

+   8  52 

+  77  04 


Durchmus- 
terung  No. 


+  4  3366 
•  72  804 
f72    805 


■  37  3222 


|  37  3223 


I  2s  3039 

5  isi  1 
-4  21  :;7M7 

+  1 1  3955 
I  Hi  1043 

I  is  12  10 
+69  1(17(1 
+  21  4075 

+45  3196 
+  19  1484 
r  9  1746 
+61  2111 
4  32  4134 

f  I.")  47, 2s 


-    (I  4:5(io 
+   8  4997 

+76    928 


Vis.  Mag. 


4.9 

6.1 


475 


S72 
1 72 

5.3 

2.S 
3.8 
4.0 
5.4 

ti.li 
6.4 
4.0 
2.6 

6  11 


CO 


F5 

V 


7,71        \7, 


(77 
K 

l'2 

K2 

Map 

K 

K 

K 

F8 

F5 

A5 

A 


8.3  F8 

4.6 

4.4  .  .  . 
F5 

1.7    ;: 

3.4     K 


Propei  -Motion 


.208 

207 
270 

34 

25 

17 
117, 

658 


is 

9 

so 

30 

17:5 
337 
308 

Hi:} 


170 
214 


10 


107 


.055 

I   17, 
+  21 

■  30 

39 

-  191 
L84 

+  4 

1  17 

+  5 

+  84 

f  22 

+  74 

+  130 

I  45 

-f  17,0 

+  32 


+  175 
+  210 

4   10 

-  59 


.038 

-'7 
+  20 

'      49 

f  28 

-  is 

-  200 

-  lo:i 

•   5 

-  3 
+   8 

87 

-  4 

+  77, 
+  136 
+  29 

170 
+  29 

■  IS 
+  174 
+  177> 

+   3 


Relative 
Parallax 

and  IV  17 


.1111:; 

+  32 

+  5(1 

I  37 

+  21 

4  27, 

I  23 

•  17 

32 

+  25 

I 

±  0 

12 

-  3 

-  31 

+  4 

+  50 

+  <S7 

+  00 

+  2 

+  18 

-  'A 

-  8 

-  0 

-  0 

+  63 


.011 
0 

s 


Sector 

0/0 


20.00 
0.70 
0.70 

0,10 

0.10 

15.00 

1:;  III) 

l.SII 

1.50 
(ISO 

0.70 
11  HI 
7,. 0(1 

3.50 

3.00 
0.30 
0.20 
2.00 

25.00 
0.40 
0.40 

2.00 

0.20 


\  \KIATION  OF  LATITUDE  OBSERVATIONS  AT  THE  U.S.  NAVAL  OBSERVATORY, 

By    F.    B.    LITTELL. 
[Communicated  by  Hem-  Admiral  J.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent  I 


The  observers  during  the  period   1020.0   1021.0  wen- 

F.  B.  Littell,  G.  A.  Hill  and  .).  1).  Wise.     Mos1  of 

the  plates   were  measured   bj    Mr.    Wise,   the  others 

measured  by  the  writer.     The  program  ami  star 

list    were  the  same  as  used  in  the  period    1915. '.I    L920.0, 

'suits  of  which  arc  contained  in  .1.  ./.  No.  783. 

rhe  scale  value  was  corrected  by  the  results  of  the 

observations  during  the  year.     The  probable  error  of  a 

latitude  from  a   single  star  was    ±0".09S  which    is  a 


little   larger   than   those  of  the   loin-   preceding   years 
during  which  it  ranged  from  ±0".086  to  ±0".093. 

The  value  of  the  constant  of  aberration  deduced 
from  the  closing  error  for  this  year  is  20". 449.  The 
separate  values  for  each  of  the  five  years  covered  by 
tliis  work  are  given  below  for  comparison.  The  prob- 
able errors  of  the  separate  yearlj  determinations  as 
deduced  from  the  residuals  of  the  group  differences 
range  from   ±  ()".()  1 3  to   ±  ()".()  15. 
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1916 

20.440 

1917 

20.476 

1918 

20.467 

1919 

20.413 

1920 

20.449 

Mean       20.449 


=  0".007 


Table  1  gives  the  difference  between  the  variation  of 
latitude  observed  with  the  photographic  zenith  tube 
and  that  computed  for  Washington  from  the  data  pub- 
lished by  Prof.  B.  Wanach  in  A.N.  5075.  Prof. 
Wanach    has    omitted    the   z   term    in    deducing   the 


elements  of  the  polar  motion  but  from  the  symmetrical 
situation  of  the  three  stations  upon  whose  work  the 
results  are  based  it  can  be  assumed  that  the  values  of 
x  and  y  are  not  materially  different  from  what  they 
would  have  been  if  the  z  term  had  been  included.  A 
constant  quantity  has  been  applied  to  make  the 
differences  symmetrical  with  zero. 

There  is  strong  indications  of  the  z  term  in  these 
differences  for  each  year,  although  it  is  somewhat  less 
marked  in  1919.  From  the  mean  values  in  the  last 
column  the  following  formula  has  been  deduced  in 
which  t  stands  for  the  tenth  of  the  year. 

2  =  -0".010  +  0".064  sin  (360°  t  +  132°.6) 


Table  1.     Variation  of  Latitude  at  Washington.     P.  Z.  T.  Minus  International 

z  Term  Not  Used 


1915 


+  .03 


1916 

+  0.07 

+  .06 

-  .02 

-  .07 

-  .05 

-  .01 
+  .01 
+  .03 
+  .03 
+  .06 


1917 

+  0.04 

-  .01 

-  .06 

-  .06 

-  .10 

-  .06 

-  .01 

0 
+  .1)2 
+    .0(1 


1918 

+  0.06 

+  .03 

-  .09 

-  .12 

-  .13 

-  .11 

-  .06 
+  .01 
+  .07 
+  .06 


1919 

-0.01 

-  .03 

-  .03 

+  .01 

.00 

-  .(Hi 

-  .01 
+  .02 
+  .05 
+   .07 


1920 
+  0.03 


Mean 

+  0.038 

+  .012 

-  .050 

-  .060 

-  .070 

-  .060 

-  .018 
+  .015 
+  .042 
+  .056 


Variation  of  Latitude  at  Washington.     P.  Z.  T.  Minus  International 
Corrected  for  z  Term 


1915 


1916 


191' 


1918 


1919 


1920 


Mean 


+  0.03 

0.00 

+  0.02 

-0.05 

+  .06 

-  .01 

+  .03 

-  .03 

+  .02 

-  .02 

-  .05 

+  .01 

.00 

+  .01 

-  .05 

+  .08 

+  .02 

-  .03 

-  .06 

+  .07 

+  .05 

.00 

-  .05 

.00 

+  .03 

+  .01 

-  .04 

+  .01 

+  .01 

-  .02 

-  .01 

.00 

-  .02 

-  .03 

+  .02 

.00 

-.02      +  .01 

+  .01 

+  .01 

+  .02 

-0.01 


-0.002 
+  .012 

-  .010 
+  .010 

.000 

.000 

+  .002 

-  .005 

-  .008 
+  .006 
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This  is  very  similar  to  the  result  obtained  from  the 
results  of  12  years  work  at  all  the  stations  of  the  Inter- 
national Geodetic  Association,  see  Residtate  des  fnter- 
nationalen  Breitendiensles,  Hand  V.  p.  188. 

The  second  part  of  the  table  gives  the  differences 
corrected  by  the  application  of  the  z  term  found  above. 

Table  2  gives  the  variation  of  latitude  at  Washing- 
ton for  each  twentieth  of  a  year  as  deduced  from  the 
latitude  curve. 


Table  2 

( 'orrectlons  to    mean    latitude   for   washington 


1919.95 

+  0.04 

1920.50 

+0.01 

1920.00 

+ 

.07 

.55 

-   .03 

.05 

+ 

.10 

.60 

-   .07 

.10 

+ 

.12 

.65 

-   .09 

.15 

+ 

.13 

.70 

-   .11 

.20 

+ 

.14 

.75 

-   .12 

.25 

+ 

.13 

.80 

-   .13 

.30 

+ 

.12 

.85 

-    .14 

.35 

+ 

.00 

.90 

-    .13 

.41) 

+ 

.06 

1920.95 

[-  .i»] 

L920.45 

+ 

.04 

1921.00 

[-    -06] 

Table  '■'<  gives  for  each  observing  night,  the  initial  of 
the  observer,  the  number  of  stars  observed  and  the 
resulting  observed  excess  ol  the  latitude  of  the  instru- 
ment over  +38°  55'  16". 00  for  each  group,  the  mean 
tor  the  night,  and  the  correction  to  reduce  the  observed 
latitude  to  that  given  by  the  adopted  curve. 


Table  3 

Observed  Latitudes  of  the  Photogkaphic 
Zenith  Tube 


Date 

Obsr. 

No. 

Obs. 

Ob 

V  Latitude 

» 

1920 

ii 

iii 

ii 

iii 

Mean 

.Jan.      1.4 

L 

8 

1.12 

1.12 

-0.02 

•VI 

L 

8 

8 

1.07 

1.11 

1.09 

+  .02 

iii 

iv 

iii 

iv 

Mean 

.Ian.     12.5 

L 

8 

8 

1.05 

1.04 

1.04 

+   .08 

13.:, 

H 

s 

6 

0.98 

1.25 

1.00 

+   .03 

19.5 

L 

5 

6 

1.34 

1.19 

1.20 

-   .13 

Date 

in,-, 

No. 

Obs 

Ml 

.1  Latit 

ide 

1 

iii 

iv 

iii 

iv 

Mean 

.Jan,    28.5 

L 

8 

8 

1.10 

1.13 

1.11 

+  0.03 

29.5 

H 

5 

1.09 

1.09 

+    .05 

30.5 

L 

s 

4 

1.16 

1.16 

1.10 

-    .02 

31.5 

H 

2 

1.07 

1.07 

+   .07 

Feb.    10.5 

H 

7 

7 

I.2S 

0.98 

1.13 

+   .02 

1  1.4 

L 

5 

1.30 

1.30 

-    .15 

13.4 

L 

S 

s 

1.13 

1.15 

1.1  1 

+   .01 

17.1 

L 

8 

7 

1.20 

1.23 

1.21 

-    .06 

19.4 

11 

8 

7 

1.19 

1.10 

1.17 

-    .01 

20.4 

L 

2 

1.08 

1.08 

+   .08 

27.4 

L 

6 

8 

1.21 

1.03 

l.ll 

+   .05 

Mar.      1.4 

H 

7 

0 

1.33 

1.10 

1.22 

-    .06 

2.4 

L 

8 

8 

1.12 

1.13 

1.12 

+   .04 

iv 

v 

iv 

v 

Mean 

Mar.     3.5 

W 

6 

3 

1.10 

1.03 

1.12 

+   .04 

6.5 

W 

s 

4 

1.24 

1.37 

1.2S 

-    .12 

8.5 

H 

(i 

7 

1.15 

1.23 

1.20 

-    .04 

9.:, 

L 

0 

8 

1.10 

1.25 

1.21 

-    .05 

17.5 

W 

3 

5 

1.05 

1.12 

1.10 

+    .07 

21.5 

L 

8 

8 

1.18 

1.22 

1.20 

-    .03 

22.5 

II 

8 

6 

1.07 

1.00 

1.07 

+   .10 

23.5 

W 

7 

6 

1.12 

1.10 

J. 11 

+   .06 

27.5 

w 

6 

8 

1. 11 

1.13 

1.12 

+    .05 

30.5 

L 

7 

1.19 

1.19 

-    .02 

Apr.      2.5 

L 

7 

6 

1.11 

1.34 

1.22 

-    .00 

7.5 

W 

2 

8 

1.30 

l.os 

1.14 

+    .02 

8.4 

H 

1 

2 

1.31 

1.02 

1.12 

+    .01 

9.4 

L 

7 

5 

1.2s 

1.00 

1.19 

-    .03 

10.4 

W 

7 

8 

1.20 

1.17 

LIS 

-    .02 

14.4 

w 

7 

8 

1.04 

1.20 

1.13 

+   .02 

v 

vi 

V 

vi 

Mean 

Apr.    21.6 

w 

8 

8 

1.25 

1.25 

1.25 

-    .11 

22.5 

11 

0 

1.21 

1.21 

-    .07 

24.6 

w 

7 

8 

1.17 

1.17 

1.17 

-    .03 

28.5 

\Y 

7 

8 

1.11 

1.05 

I.OS 

+   .05 

29.5 

H 

5 

1.02 

1.02 

+    .11 

May     1.5 

W 

8 

8 

1.20 

l.ir, 

1.18 

-    .05 

3.4 

H 

8 

1.00 

1.00 

+   .06 

4.5 

L 

7 

8 

I.OS 

LIS 

1.14 

-    .02 

5.5 

W 

7 

8 

1.09 

1.01 

1.07 

+    .05 

0,1 

L 

6 

1.02 

1.02 

+    .10 

8.5 

W 

4 

7 

1 .03 

1.22 

1.15 

-    .03 

14.1 

L 

7 

1.10 

1.10 

-    .05 

15.5 

W 

8 

8 

1.16 

1.01 

1.10 

.00 

22.5 

W 

7 

7 

1.23 

1.10 

1.17 

-   .08 

25. 1 

L 

1 

1.00 

1.00 

+   .09 

26.5 

W 

6 

7 

1.04 

1.07 

1.05 

+    .04 
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Date 

Obsr. 

No. 

Obs. 

Ob'tl  Latitude 

u 

1920 

V 

vi 

V 

vi 

Mean 

May  27..") 

H 

7 

8 

1.09 

1.01 

1.05 

+  0.04 

28.5 

L 

5 

5 

1.14 

1.10 

1.12 

- 

.03 

29.5 

w 

5 

7 

1.20 

1.10 

1.18 

- 

.09 

June      1.5 

L 

5 

8 

1.08 

0.94 

1.00 

+ 

.08 

vi 

vii 

vi 

vii 

Mean 

ii   c     0.0 

w 

8 

8 

1.12 

1.03 

l.os 

.00 

9.6 

\Y 

7 

7 

1.07 

0.99 

1.03 

+ 

.04 

11.5 

L 

6 

7 

1.16 

1.12 

1.13 

- 

.06 

13.5 

W 

7 

6 

1.11 

1.10 

1.11 

- 

.04 

is.;, 

L 

(5 

7 

1.07 

1.02 

1.04 

+ 

.02 

22.5 

L 

5 

2 

1.09 

1.14 

1.10 

- 

.05 

23.5 

W 

7 

8 

1.05 

0.94 

0.99 

+ 

.06 

25.5 

L 

7 

7 

1.14 

1.01 

l.os 

- 

.03 

26.5 

W 

7 

7 

L.08 

0.9S 

1.03 

+ 

.02 

28.5 

H 

7 

5 

1.00 

1.00 

1.03 

+ 

.02 

.Inly      3.5 

W 

8 

8 

l.os 

1.00 

1.04 

.00 

7.4 

W 

3 

1.12 

1.12 

- 

.09 

8.5 

L 

0 

8 

1.08 

1.01 

1.05 

- 

.02 

10,1 

W 

8 

2 

1.23 

1.10 

1.21 

- 

.10 

12.4 

H 

6 

3 

1.05 

0.S4 

o.os 

+ 

.04 

13.5 

L 

6 

7 

1.05 

0.0  1 

0.9S 

+ 

.03 

vii 

viii 

vii 

viii 

Mean 

.July    21.6 

W 

2 

i 

0.97 

0.94 

0.95 

+ 

.04 

23.6 

L 

6 

1.06 

1.00 

- 

.07 

25.5 

W 

s 

8 

1.08 

0.89 

0.99 

.00 

27.5 

L 

7 

8 

0.91 

0.92 

0.92 

+ 

.06 

2S.5 

W 

8 

8 

0.89 

1.01 

0.95 

+ 

.03 

29.5 

H 

8 

8 

0.89 

0.90 

0.90 

+ 

.08 

Auk-     2.5 

L 

8 

8 

0.91 

0.95 

0.93 

+ 

.04 

3.5 

W 

8 

8 

0.97 

0.99 

0.9S 

- 

.01 

8.5 

W 

8 

7 

0.94 

0.92 

0.93 

+ 

.03 

21.4 

H 

7 

7 

1.00 

o.so 

0.94 

.00 

30.4 

H 

5 

1.04 

1.04 

- 

.11 

Sept.    2.4- 

W 

S 

7 

0.90 

1.02 

* 

4.4 

W 

8 
viii 

8 
i 

0.84 
viii 

o.07 

* 
Mean 

Sept.      1.5 

H 

s 

8 

0.0  1 

1.03 

0.99 

- 

.06 

2.5 

W 

7 

8 

1.02 

1.00 

0.97* 

- 

.04 

1.5 

W 

8 

8 

0.97 

1.01 

0.94* 

- 

.01 

0.1 

I. 

5 

0.93 

0.93 

.00 

7.0 

w 

8 

0.87 

0.S7 

+ 

.05 

10.5 

w 

5 

1 

0.92 

0.97 

0.0  1 

- 

.02 

12.5 

1. 

7 

4 

0.90 

0.9S 

0.93 

.01 

L3.5 

w 

7 

8 

0.84 

0.90 

0.87 

+ 

.05 

1  1.5 

w 

8 

8 

0.96 

0.90 

0.07 

- 

.05 

'  Thre 

!  grou 

is  nl>^ 

TVC'<1 

Mean 

if  all  un 

ler  the  grou 

I' 

pair  VII 

,  I. 

Date 

<  )bsr. 

No. 

Obs. 

Ob'd  Latitude 

» 

1920 

viii 

i 

viii 

i 

Mean 

Sept 

15.5 

L 

8 

8 

0.89 

0.80 

0.84 

+0.08 

16.5 

\Y 

8 

8 

1.05 

1.15 

1.10 

- 

.19 

IS.  5 

W 

7 

6 

0.84 

0.83 

0.83 

+ 

.08 

20.4 

W 

5 

0.93 

0.93 

- 

.02 

21.5 

L 

8 

8 

0.81 

0.70 

0.80 

+ 

.11 

22.4 

W 

7 

5 

0.95 

1.03 

0.98 

- 

.07 

25.4 

W 

2 

0.S7 

O.S7 

+ 

.04 

27.4 

L 

3 

0.S7 

0.S7 

+ 

.04 

2S.4 

W 

5 

1.00 

1.00 

- 

.15 

Oct. 

1.4 

L 

8 
i 

8 
ii 

0.89 
i 

0.80 

ii 

O.S1 

Mi  .-in 

+ 

.06 

Oct. 

2.5 

W 

8 

8 

0.87 

0.90 

0.88 

+ 

.02 

5.5 

W 

8 

8 

o.so 

0.89 

O.S7 

+ 

.03 

8.6 

L 

1 

3 

0.90 

0.91 

0.91 

- 

.01 

0.5 

W 

5 

8 

O.S5 

1.01 

0.05 

- 

.05 

11.5 

L 

8 

8 

0.83 

0.80 

0.S2 

+ 

.08 

12.5 

W 

7 

5 

0.95 

1.01 

0.97 

- 

.07 

14.5 

W 

8 

7 

0.94 

0.96 

0.05 

- 

.05 

19.5 

W 

7 

8 

0.95 

0.88 

0.01 

- 

.02 

21.5 

W 

6 

2 

0.90 

1.00 

0.94 

- 

.05 

23.5 

\Y 

8 

8 

0.85 

0.91 

0.88 

+ 

.01 

29.4 

W 

7 

0.70 

0.76 

+ 

.13 

30.5 

W 

8 

8 

0.00 

0.85 

0.88 

+ 

.01 

Nov 

3.5 

L 

8 

8 

0.87 

0.91 

0.89 

.00 

4.5 

W 

8 

8 

0.77 

0.83 

0.80 

+ 

.09 

12.4 

W 

8 

8 

0.77 

1.01 

0.89 

.00 

13.4 

W 

8 

8 

0.83 

0.97 

0.90 

- 

.01 

is. 4 

W 

8 

7 

O.SO 

0.82 

0.84 

+ 

.05 

ii 

iii 

ii 

iii 

Mean 

Nov 

20.5 

w 

s 

8 

0.00 

0.96 

0.96 

- 

.06 

Dec. 

1.4 

L 

3 

1.07 

1.07 

- 

.16 

2.4 

W 

8 

0.88 

0.88 

+ 

.03 

6.5 

L 

8 

3 

0.92 

o.so 

0.91 

+ 

.01 

11.5 

L 

8 

6 

0.85 

0.88 

0.86 

+ 

.07 

14.5 

W 

8 

8 

0.97 

0.97 

0.97 

- 

.04 

17.4 

L 

2 

0.00 

0.90 

+ 

.04 

1S.5 

W 

8 

s 

0.03 

0  01 

0.92 

+ 

.03 

20.5 

L 

8 

8 

O.S7 

o.so 

O.SS 

+ 

.07 

23.4 

AY 

7 

1.03 

1.03 

- 

.07 

28.4 

W 

8 

8 

0.07 

0.00 

o.os 

- 

.01 

1021 

Jan. 

1.4 
2.1 
3.4 

W 
\Y 
L 

8 
8 
8 

■_> 
1 
s 

0.94 
1.13 
O.OS 

o.ss 
o.os 

0.94 

0.03 
1.11 
0.00 

4.4 

W 

6 

•_> 

0.07 

O.S1 

0.93 

6.4 

10.5 
12.4 

W 

L 
L 

8 
7 

s 
8 
8 

o.os 
1.08 

1.02 
1.01 
0.91 

1.00 
1.01 
0.99 
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OBSERVATIONS   OF   COMET    L9206    {TAYLOR), 

MADE    WITH    THE    26-INCH     EQUATORIAL    OF    THE    C.    S.    NAVAL    OBSERVATORY. 

Bi    ERNEST  CLARE   BOWER. 

[Communicated  by  Rear  Admiral  J.  A.  Hoogew  e  rff,  I  .  S.  Navy,  Superintendent.] 


G.  M.  T. 

App.  a               App  8 

#-• 

Comp. 

Log  pp 

\i>  pi.  red. 
of* 

ing 

* 

1920  Dec.  20.82098 

L921  Jan.   18.82969 

Feb.  14.7261!) 

h     m       s                      °       '       » 

9  :;i  22.69   +    1     7  59.7 
11     1  32.22    +35    3    9.6 

11  14  44.63    +45  57     7.2 

111          S                                i            It 

1  52.43    •  2  30.8 
+  0  16.33    -5  12.8 
-0    2.55    -1  29.6 

/:;."i  .  7 
dlO  ,  s 
//III  .  s 

9.066n  0.730 
8.7927!  9.768 

9.344//   9. '.11(1/, 

I  37    -23.7 
f-1.53    -18.9 
+2.24    -18.4 

(/ 
'J 

g 

l 

2 
3 

Dec.  20.     10'".     .Jan.  IS.     ll'V".     Feb.  14.     13V1.     Faint. 


Mean  Places  of  Comparison  Stars  far  Beginning  of  Year 


* 

a 

<5 

Authority 

1 

2 

3 

h       m       s 

9  33   10.75 
11     4   14.36 
11   14    14.94 

+    1     5  52.6 
+  35     8  41.3 
+  45  58  55.2 

.1.  G.  Albany     3826 
A.G.Lund        5132 
A.  G.  Bonn        7982 

/      S     Vaval  Observatory,   Washington,  D.C., 

1.-"'    ' 


<  ORRECTION    TO   THE    AMERICAN    EPHERMEh'/S    AM)   NAUTICAL    ALMANAC 


Tlic   proper-motion   in    right    ascension    oi    the   star 
ui    Herculu,    16'  21m  35s,    should    evidently    be    plus, 
Ol    riii!    is. 

The  error  dates  back  t«i  the  Fundamental  Catalogue 

rib,  in  which  the  righl   ascension  for  1  s 7 .">  is 

correct,  but   thai    for   L900  includes  the  effeel    of  tin' 

error,  and  the  si^n  of  the  proper-motion  is  wrong  for 

liot h  epochs. 


The   correction    to   the   ephemeris    righl    ascension, 

at  the  present  time,  is  4-0  .25. 

II.   II.  Tucker 


i  rvatory, 
Jum  1,  1921. 


NOTE   UPON   A    COMPARISON    OF    PROPER-MOTIONS, 

By   GEORGE   C.   COMSTOCK. 


In  connection  with  an  investigation  of  the  motions 
of  faint  stars  I  have  had  occasion  to  determine  the 
proper-motions   of   some    hundreds    of    brightei 

as  reference  points.  These  motions  have  been 
determined  with  reference  to  the  Boss  system,  using 
the  systematic  corrections  and  weights  set  forth  in  the 
Preliminary    General    Catalogue    plus   an    extension    of 


these  data  to  certain  recent  series  of  observations  not 
considered  in  the  P.G.C.  These  results  will  be 
incorporated  in  a  forthcoming  volume  of  Publications 
of  th(  Washburn  Observatory  but  prior  to  such  publica- 
tion I  have  sought  to  control  the  proper-motions  thus 
found  by  comparison  with  results  elsewhere  obtained 
and  have  utilized  for  thai  purpose  inter  alia  the  recently 
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received  Greenwich  Catalogue  of  Stars  for  1910.0, 
Part  II.     Stars  in  the  Zone  +24°.0  to  +32°.0. 

These  Greenwich  proper-motions  are  very  closely 
related  to  the  Boss  system  and  possess  special  interest 
for  the  present  purpose  since  they  are  derived  from 
data  almost  wholly  different  from  that  which  I  have 
utilized,  viz.,  the  only  catalogue  places  common  to 
these  Greenwich  determinations  of  proper-motions  and 
my  own  are  the  A.  G.  Zones,  which  although  incor- 
porated in  my  discussions  have  little  influence  upon 
the  proper-motions  since  their  dates  of  observation 
fall  near  the  mean  epoch  of  all  my  data.  Their 
influence  upon  the  Greenwich  proper-motions  is  more 
considerable,  but  these  seem  to  depend  mainly  upon 
Lalande  and  Bessel's  Zones,  corrected  and  reduced  to 
the  Boss  system  by  means  of  the  P.  G.  C. 

Although  there  are  only  18  stars  common  to  the 
Greenwich  results  and  my  own.  I  have  compared  their 
proper-motions  as  follows: 

Difference  of  Centennial  Proper-Motions 


Gh.  Np. 

370 
688 
1705 
1775 
2902 
4729 
5344 
5889 
6203 
6632 
6654 
6853 
71)122 
7427 

8883 

J 14:;  l 


COMSTOCK- 

-GREENE  I (II 

<V 

A/u 

+  0.34 

+  0.5 

- 

.05 

+   -1 

+ 

.34 

-    .6 

+ 

.06 

-    .7 

- 

.03 

-    .5 

- 

.36 

+   .4 

+ 

.16 

-    .1 

+ 

.11 

+  2.2 

- 

.06 

+   .6 

+ 

.13 

-5.2 

+ 

.08 

+  .1 

— 

.01 

-2.4 

+ 

.01 

+  2.0 

+ 

.14 

-    .1 

- 

.02 

+  1.0 

- 

.13 

-   .8 

+ 

.03 

-    .1 

+ 

.04 

+  2.1 

Mag. 

7.6 
7.9 
7.9 
7.5 
7.2 
6.4 
7.4 
6.7 
6.4 
8.9 
7.9 
7.7 
7.9 
7.4 
8.2 
8.6 
6.3 
7.9 


The  maximum  discordance  above  shown  is  in  each 
coordinate  of  the  order  5"  per  century  which  if  charged 
to  the  observations  of  Lalande  and  Bessel  seems  not 
unduly  large.  That  these  disparities  should  be  charged 
in  the  early  observations  named  rather  than  to  Green- 
wich or  my  own  data  is  evident  from  the  fact  that  the 
Greenwich  places  for  1910  agree  well  with  my  elements 
of  the  stars'  motion.  I  therefore  adopt  as  a  mean 
relation  between  the  proper-motions  considered  the 
simple  mean  of  the  foregoing  numbers: 


C    -    Gh.    Sfla 


-0S.04  ±0s.O25     A/u5  =  -0".l  ±0".27 


My  own  proper-motions  having  been  derived  from 
least  square  solutions  a  probable  error  is  available  for 
each  of  the  36  values  of  ju  under  consideration  and  I 
find  that,  expressed  in  arc  of  a  great  circle,  these 
probable  errors  range  from  ±0".40  to  ±0".95  and  their 
means  are,  in  R.  A.   ±  0s. 055,  in  Dec.   ±0".62. 

The  corresponding  probable  errors  of  the  Greenwich 
results  are  estimated  at  p.  B  xix  of  the  volume  cited, 
to  be  =±=  0M0  and  ±1".0  respectively.  Combining 
the  foregoing  numbers  I  find  for  the  probable  error  to 
l>e  anticipated  for  a  single  difference  of  proper-motion 
the  numbers  shown  in  the  first  line  of  the  following 
exhibit: 

P.  E.  of  a  Single  A/j     C  -  Gh 

Derived  from, 
.4 '  priori  estimates 
Actual  residuals 

The  close  agreement  between  these  probable  errors 
obtained  d  priori  and  d  posteriori  tends  to  confirm  the 
estimated  measure  of  precision  for  each  series  of  results 
and  to  strengthen  the  conclusion  that  the  mean  sys- 
tematic difference  found  between  them  is  a  quantity 
of  the  same  order  of  magnitude  as  the  probable  uncer- 
tainty of  its  determination. 


Washburn  Obsi  rvatory, 
Way,  1921. 


In  R.  A. 

In  Dec. 

±0M1 

±1".2 

±0.108 

±1    .15 
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OCCULTATIONS  BY  THE   MOON, 
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Dal. 


Object 


W.  Sid.  T. 


W.  M.  T.       See'g  Pow'i    I  lb     Ri 


12-Incli 


W.  M    T.       See'g  Pow'i   Obs      R 


1920 

July      2 
25 

28 
28 
Aug.  30 

30 
Sept.  21 

21 
Oct.  3 
3 

6 

6 
17 
25 
25 

29 

29 
29 
29 
Nov.  25 

25 
Dec.  15 
23 
23 
23 


1921 

Jan. 


p  ( 'apricorni  .  .  .  . 
123  B.  Scorpii.  .  . 
187  B.  Sagiitarii. 
L87  B.  Sagittam 
25  Pisdum 

25  Piscium 

p  Sagiitarii 

p  Sagiitarii 

19  B.  Geminorum 
19  />.  <i(  minorum 

/>  Cancri 

k  Cancri 

39  G.  Sagittarii 

60  Piscium 

60  Piscium 

302  B.  Tauri .  .  . 
302  B.  Tour, 

i  Tauri 

i  Tauri 

85  H'  Tauri 

85  H'  Tauri 

c'  <  'apricorni 
302  B.  Tauri 
302  B.  Tauri. 

i  Tauri 

84  /.'.  Cancri 
8  I  /'.  '  'ancri 


19  59  44.5 

16  19  -19.1 

17  40  40.5 

0  20  37.7 

1  16  34.3 

18  37  34.2 

20  7  4  1.2 

3  28  26.4 

4  43  49.2 

3  45    8.3 

4  46  31.5 

20  16    1.8 

21  6  45.8 

22  17    9.4 

0  57    3.2 

2  0    0.7 

3  42  56.9 
1  Hi    6.4 

3  24  22.3 

4  19  10.3 

1  27  37.1 

1  35  56.8 

2  37  35.5 

4  23    0.6 

5  7  51.6 

(i  is  31.2 


11  45  24.1 

7  54  17.0 
9  14  55.1 

13  44     1.8 

14  39  49.3 
6  35  24.5 

8  5  16.8 

14  37  39.0 

15  52  49.4 

14  42  30.4 

15  43  43.5 
6  31  22.^ 

6  50  30.9 
8    0  43.0 

10  24  27.0 

11  27  14.1 

13  9  53.5 

14  12  52.6 
11    5  12.4 

11  59  51.4 

7  50    8.1 

7  26  59.1 

8  28  27.7 
10  13  35.0 


i6  26.0 
6  54.0 


22   IS   lti.l 


L6  19  19.0 
17  ID  13.8 


1   16  16.2 


Hi    3  54.0 


7  54  L6.9 
9  14  58.4 


14  40     1.1 


Kill     B 


3  45     9.1 

4  46  31.5 


14  42  31.2 

15  43  43.5 


vp 


iiio 
L60 


Kit) 


L60 

1  15 


I  27  37.2 


7  50    S.2 


13 
4 
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Object 


26-Inch 


W.Sid     I  W.M    T.      See'gPow'r  Obs    Rei 


12-Inch 


W.  M.  T.      See'g   Pow'rlObs.   Rem 


1921 

Jan.    23 

23 
23 

23 
Feb.  15 
15 
16 
20 

20 
Apr.    11 

11 
21 
21 

21 
21 

21 
21 

21 


.1 '  < 'ancri 

A'  <  interi 

A2  (ancri 

A-  < 'ancri 

162  />'.  Tauri.  . 
162  B.  Tauri.  . 

in  Tauri 

k  Cancri 

•  Cancri 

lis  Tauri 

us  Tauri 

B.D.  -12.3931 
B.D.  -11.3647 


B.D. 
B.D. 
B.D. 
B.D. 


12.3932. 
12.3932. 
12.3941  . 
L2.3940. 


B.D.  -12.3942 


10  31  26.2 

11  13    7.3 

12  24  47.0 

13  23    7.9 
7  21  47.0 

7  51    3.0 

1(1  47  ."ill. (I 
9    0  28.5 

9  43  53.1 

8  26  52.4 

9  27  17.0 
16  30  2.8 
16  39  48.0 

15  37  42.7 

16  56  1.5 
16  27  57.6 
16  36  H.l 
16  41  12.3 


14  19    7.5 

15  0  41.8 

16  12    9.8 

17  10  21.1 
9  39  33.5 

10  8  44.8 

13  1    6.8 
in  58  19.3 

11  41  36.8 

7  8  13.4 

8  8  28.1 

14  30  45.6 
14  40  29.2 


13  38  34.0  / 

14  56  40.0  / 
1  I  28  40.7  / 
1  I  37  22.8|  / 
14  41  53.21  / 


183 
183 
183 


L83  Hi. 


183 
183 
183 
183 

183 
183 
183 
183 
183 


is::  Hi. 
183  Hi. 
183  Hl 

is:;  Bl 
is:;  H, 


35 


28 


8  26  52.5 

9  27  16.1 
16  30  15.2 
16  39  46.3 

15  37  42.8 
L6  56  1.7 
Hi  27  -Vs.-.' 

16  36  41.2 
16  41  11.9 


7  8  13.5 

8  8  27.2 
14  30  57.9 
14  40  27.5 

13  38  34.2 

14  56  10.2 
14  28  41.4 
14  37  22.9 
14  41  52.8 


115 
160 
115 

115 

115 
115 
115 
115 

115 


The  occupations  visible  at  Washington  during  the  lunar  eclipse  of  April  21  were  predicted  by  the  Nautical 
.1  Imanac  i  >ffiee. 

Occulting  bars  were  attached  to  powers  17s  and  160. 

Phen.:  DD  =  disappearance  dark  limb;  DB  =  disappearance  bright  limb;  DE  =  disappearance  eclipsed 
limb;    RD  =  reappearance  dark  limb;    RB  =  reappearance  bright  limb;    HE  =  reappearance  eclipsed  limb. 

Obs.:    Hl  =  A.  Hall;    B  =  Ernest  Clare  Bower. 

Hem.:  (1)  ±\Yf.  (2)  Late  0S.5.  Gradual.  (3)  Late  Is.  (4)  Late  0M,  (5)  Late  3s  ±2S.  (6)  Very 
uncertain.  Very  faint.  Clouds.  (7)  Uncertain  whether  real  reappearance.  Clouds.  (8)  Late,  probably  not 
over  5s.  Clouds.  (9)  Late  Is. 5  ±ls.  (10)  Dark  limb  visible.  (11)  Uncertain  several  seconds.  (12)  Late 
(l -.2.  Dark  limb  visible.  (13)  ±2S.  (14)  Late  0\2.  Clouds.  (15)  Late  0S.5.  Clouds.  (16)Uncertain  Is  or 
2s.  (17)  Late.  Eyepiece  fogged.  (18)  Late  0\2.  (19)  Late.  Eyepiece'  fogged.  (20)  Early.  (21)  Late. 
perhaps  2s.  Star  very  faint.  Clouds.  (22)  A  little  early.  (23)  Late  0S.5  (24)  Late  4s  ±2".  (25)  Late  Is. 
Haze.  (26)  Late  Is.  Eye  and  ear.  Haze.  (27)  Haze.  Clouds.  (28)  Late  0S.5.  Haze.  Clouds.  (29) 
Eye  and  ear.  Haze.  Clouds.  (30)  Late  10-±.  (31)  Late  ls.5±.  (32)  Late  0S.3.  (33)  Late  0\2  =■=  0'.3. 
Star  very  faint  near  limb.     (34)  Late  0M5.     (35)  Late. 

I ' .  S.  Naval  Obsi  rvai         Washii  gton,   D.  < '. 


DEPENDENCE    OF    ORBITAL     ECCENTRICITY     UPON 

OF    THE    COMPONENTS, 

By   C.    D.    PERRINE 


THE     RELATIYK     MASSES 


Among  the  spectroscopic  binaries  the  systems  with 
the  smaller  secondaries  have  been  observed   to  have, 


in   general,    i  lie    larger   orbital  eccentricities.     Further 
examination   discloses   a   similar   condition   among  the 
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visual    binaries   and   among   the   bodies   of   the   solar 
system.     The  object  of  the  present  preliminary  paper 

is  to  draw  attention  to  this  dependence. 

Spe<  tk<  )si  iopic  Bin  a  hies 

The  spectroscopic  binaries,  in  which  the  spectrum  of 
only  cue  componenl  is  visible,  furnish  the  relative 
masses  affected  by  the  uncertainties  of  orbital  inclina- 
tion. Groups  should,  however,  reduce  such  uncer- 
tainties. The  classification  has  been  limited  to  periods 
of  30  days  and  less,  owing  chiefly  to  the  scarcity  of 
stars  with  periods  longer  and  in  order  to  eliminate  as 


far  as  possible  any  dependence  of  eccentricity  upon 
length  of  period.  Three  stars  |  \'  ,  of  the  whole)  with 
relatively  long  periods  and  large  eccentricities  have 
been  omitted  because  of  their  undue  influence  in  such 
small    groups    and    because    they    belong    to    spectral 

classes    /»'   and    .1//. 

The  amount  of  data  is  limited  and  (he  individual 
values  in  some  of  the  groups  show  a  wide  range. 
Examination  of  these  groups  in  detail  shows  enough 
consistency  with  respect  to  the  distributions  of  large 
and  small  values  to  confirm  the  progression  shown  in 
the  means  for  the  .1  to  .1/  stars. 

The  results  are  given  in  Table  I. 


Table  I 

Spectroscopic  Binaries 
Dependence  upon  Mass  —  Ratio 


Spectral  Class 

B 

.1  to  .1/ 

m8i  sin3  i 
(m+mi)2 

No.  Stars 

e 

P 

m;;i  sin    - 

No.  Stars 

' 

/' 

III  :,    Mil  :    1 

(m+miY 

(m+wi)- 

\  < lepheids 

,0          to  0.0066 
0           to   0.0099 
0.010   to   0.099 
0.100   to   0.499 
0.500  and  over 

10 

4 

S 
7 

0.12 
0.04 

0.06 
0.09 

a 

li.l 
5.0 
5.1 
6.3 

0.002 
6.050 
0.217 
2.348 

21 
9 

0.26 

0.23 
0.18 
0.05 

d 

6.0 

s.l 
8.2 

S.l) 

0.0024 
0.0033 

0.042 
0.182 

The  I!  stars  as  a  class  in  this  table  do  not  show  the 
dependence  with  certainty.  The  small  and  irregular 
effect  may  or  may  not  lie  real.  The  effect  shown  m  the 
later  types  is  worthy  of  greater  confidence. 

Twenty-six  stars  yield,  thru  observations  of  the 
spectra  of  both  components,  their  relative  masses  free 
from  uncertainties  of  orbital  inclination.  There  is  too 
little  difference  in  the  masses  of  the  components  of 
3uch  -tars  of  later  type  to  justify  investigation.  four- 
teen stars  of  class  li  show  a  small  dependence  of  eccen- 
tricity upon  relative  mass. 

Visual  Binaries 

If  we  may  assume  that,  in  general,  differences  of 
mass  will  correspond  to  differences  of  brightness,  it  is 
possible  to  obtain  evidence  from  the  visual  binaries. 
The  results  for  57  systems  with  well  determined  periods 
(shorter  than  200  years)  are  given  in  Table  II. 


Table  II* 

Visual  Binaries,  Eccentricity  and  A  Magnitude 

i  Mean  e  a  Mag.       No.  of  Stars 


0.00  to  0.29 

0.19 

0.60 

7 

0.30  to  0.44 

0.37 

L.29 

10 

*0.30  to  0.44 

0.37 

0.95 

15 

0.45  to  0.58 

0.50 

1.32 

18 

0.59  and  over 

0.71 

2.04 

16 

t/0.59  and  over 

0.71 

1.47 

15 

'  <  >mii  t  ing  85  Pegasi 
fOmitting  Sinus. 

Although  there  is  considerable  range  among  the 
individual  values  and  several  small  differences  of 
brightness    among    the    larger    eccentricities,    there    is 
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enough  consistency  anions-  the  larger  values  of  A 
magnitude  to  give  confidence  in  the  observed  progres- 
sion. 

The  Solar  System 

Traces  of  a  dependence  of  eccentricity  upon  relative 
mass  are  found  among  the  major  planets,  the  satellites 
and  the  minor  planets  of  the  solar  system.  The  results 
fur  these  aii'  given  in  Tables  III,  IV  and  V. 


Table  III 


Major  Planets* 


Planet 

Eccentricity 

Mass 
©   =   1 

Mercury 

0.206 

11.(1.-, 

\i  mis 

.007 

0.82 

Earth 

.(117 

1.00 

Mars 

.092 

0.11 

.1  II  lull  , 

.Ills 

317.7 

Snl  ur  ii 

.056 

'.il.S 

I 'ranUS 

.046 

14.6 

Neptunt 

.009 

17.0 

'Taken  from  Young's  General  Astronomy,  Table  I. 

The  eight  major  planets  show  this  dependence  in  a 
general  way.  The  four  inner  planets  by  themselves 
are  quite  (-(insistent.  Mercury,  the  smallest  of  all,  has 
the  highest  eccentricity.  Mars  next  in  size  has  the 
next  largest.  Venus  and  the  Earth  are  considerably 
larger,  nearly  equal  in  size  and  their  orbits  are  nearly 
circular.  The  outer  ones  are  all  much  larger  and  the 
eccentricities  of  all  are  small. 

The  inner  and  large  satellites  all  have  small  eccen- 
tricities, the  outer,  small  satellites  of  Jupiter  and 
Saturn  have  large  eccentricities. 

If  the  fainter  asteroids  are  also,  in  general,  the 
smaller  then  there  is  evidence  of  such  a  dependence 
among   them. 

The  comets  appear  to  be  striking  examples  of  such 
a  dependence.  Their  masses  are  negligible  and  the 
eccentricities  of  all  but  a  comparatively  few  of  short 
period  are  essentially  unity. 

The  dependence  oi  orbital  eccentricity  upon  length 

of  period  in  binary  stars,  first   noted  by  Doberck,  is 

not   a  linear  function  of  the  length  of  period,  but    has  a 

more  or  less  abrupt   change  at   periods  of  15  to  20  days. 

ystems   with    periods   longer   than    this   up   to    194 


Mars 


Jupitt  r 


Saturn 


Uranus 


Xi  i4  a  m 


'  Taken    chiefh 
Table  II. 


Table  IV 

Satellites* 

Eccentricity 

Diameter  km 

obos 

0 

56? 

ruins 

0 

16° 

5 

? 

160 

1 

0 

4000 

2 

0 

3360 

3 

0.001 

5680 

4 

.007 

4740 

6 

.16 

160? 

7 

.12 

65? 

8 

.35 

Small 

9 

.11 

Small 

1 

0 

1000? 

2 

0 

1300? 

3 

0 

1900? 

4 

0 

1800? 

5 

0 

2400? 

6 

0.030 

5600? 

7 

.119 

800? 

8 

.030 

3200? 

9 

.22 

80? 

1 

0 

800'? 

2 

0 

600? 

3 

0 

1600-? 

4 

0 

1300° 

3200? 


from   Young's   General   Astronomy, 


Table  V 

Minor  Planets* 

a 

m„                         g 

No. 

0     to 

5 

12.20               8.69 

188 

5     to 

10 

12.34               8.83 

347 

10    to 

15 

12.25               8.93 

230 

15    to 

20 

12.64               9.20 

42 

20    to 

33 

14.0                 10.57 

9 

-  From    Vierteljahrsschrifi  der  Astronomischen  Gesett- 
schaft,  19  is. 
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years,  both  spectroscopic  and  visual  binaries,  show 
essentially  the  same  range  and  distribution  as  to 
eccentricity.  The  systems  with  periods  shorter  than 
about  15  days  contain  no  very  large  eccentricities  and 
a  larger  proportion  of  nearly  circular  orbits. 

There  appear  also  to  be  some  indications  of  a  depend- 
ence of  eccentricity  upon  the  total  masses  of  the  sys- 
tems, those  with  large  masses  having  a  tendencj  to  the 
smaller  eccentricities.  This  deduction  requires  con- 
firmation from  more  extensive  data. 

The  dependence  of  orbital  eccentricity  upon  relative 
mass  of  the  components  is  not  consistently  shown  in 
individual  cases  but  appears  as  a  residual  effect  when 
a  considerable  number  of  stars  are  concerned  much  as 
the  dependences  of  radial  velocity  and  proper-motion 
upon  spectral  type,  the  relation  of  radial  velocity  to 
proper-motion,  star  streaming,  etc. 

Such  a  dependence  undoubtedly  points  to  some 
important  fact  or  condition  in  the  history  of  these 
bodies.  The  explanation  must  for  the  present,  how- 
ever, be  a  matter  of  conjecture.  The  most  obvious 
and  indeed  the  only  explanation  of  such  a  dependence 
which  occurs  to  me  is  that  it  may  be  a  residual  effect  of 
capture. 

Decreasing  eccentricities  with  increasing  masses  of 
the  systems  suggests  growth  by  the  accumulation  of 
external  matter. 

See  in  Vol.  II  of  his  " Evolution  of  Stellar  Systems". 
pp.  383,  391  in  particular,  in  discussing  his  "Capture 
Theory  of  the  Solar  System,"  points  out  the  high 
eccentricities  of  the  retrograde  satellites  of  Jupiter 
and  SnI urn  as  evidence  favoring  that  theory.  He  also 
points  out  that  upon  such  a  theory  the  orbits  of  all  of 
the  secondary  bodies  of  the  system  must  have  been 
very  eccentric  immediately  after  capture  and  that 
tmulation  subsequently  reduced  such  eccentricities, 
lb'  does  not  appear,  as  far  as  I  can  find,  to  have  rec- 
ognized the  corollary  thai  capture  would  in  general 
lead  to  a  dependence  of  eccentricity  upon  the  relative 
masses  of  the  components. 

Moulton  in  his  "Introduction  to  Astronomy" 
(p.  475-6)  in  discussing  the  effect  of  collisions  as 
effecting  the  Planetesimal  or  Spiral  Hypothesis  remarks 
upon  the  larger  eccentricities  of  the  smaller  of  the 
major  planets  and  upon  the  larger  average  eccentricities 
of  the  minor  planets  as  a  class.  1  bav<  not  been  able 
in  find  any  specific  recognition  or  discussion  of  a 
relation  between  eccentricity  and  relative  mas.-. 

The  effects  of  a  resisting  medium  have  been  recog- 
nized and  discussed  from  the  times  of  Euler  and 
Laplace  and  would  be  to  decrease  the  eccentricities  as 
well  as  the  mean  distances  and  periodic  times.  Investi- 
gators   appear    to    have    dealt    only    with    tin'    general 


effects   of  a    resisting  medium   and    not    to   have   treated 

i  he  special  cases  here  arising. 

Whether  or  not  such  a  dependence  of  orbital  eccen- 
tricity upon  relative  mass  a-  thai  observed  would 
result  From  the  action  of  a  resisting  medium  alone 
dip! mis  upon  the  initial  eccentricities  and  masse- 
obtaining  in  multiple  systems.  If  originally  such 
systems  were  of  all  orbital  eccentricities  and  relative 
masses  such  a  dependence  would  not  be  likely  to 
result.  In  fact  it  can  be  shown  that  a  dependence  of 
an  opposite  kind  might  be  expected  to  develop  in  such 
a  case.  If.  however,  the  initial  conditions  were 
essentially  the  same  as  to  eccentricity  and  relative 
mass  variable  effects  of  a  resisting  medium  would 
produce  such  a  dependence. 

We  do  not  know  of  course  what  tin-  initial  condition 
as  to  orbital  eccentricity  was  but  if  the  action  of  a 
resisting  medium  can  be  postulated,  as  seems  not 
improbable,  it  appears  necessary  to  conclude  that 
originally  the  eccentricities  could  not  have  been 
fortuitous     but     that     the     systems     with     the    smallest 

secondaries  had  not  only  the  highest  eccentricities  but 
higher  in  general,  very  much  higher  perhaps,  than  we 
find  al  present.  Taken  in  connection  with  the  rather 
definite  evidence  which  is  accumulating  of  cosmical 
matter  in  our  stellar  system  and  in  the  spiral  nebulae 
such  a  dependence  may  have  a  not  unimportant  bear- 
ing on  the  question  not  only  of  th agin  of  the  Solar 

System    but    of  stellar  systems   as   well. 

In  this  connection  it  is  perhaps  permissible  to  refer 
briefly  to  some  of  the  theories  of  cosmogony  and  to 
recently  discovered  facts  which  affect  them. 

The  stellar  binary  systems  have  generally  been 
assumed  to  originate  by  fission. 

The  old  Laplacian  nebular  ring  hypothesis  to  account 
for  the  origin  of  the  Solar  System  has  failed  to  satisfy 
so  many  important  requirements  when  carefully 
examined  thai  it  is  difficult  to  see  how  it  can  be  accepted 
in  any  form.  Chambeelin  and  Moulton  who  have 
given  the  matter  of  the  evolution  of  the  Solar  System 
the  greatest  attention  in  recent  years,  found  it  nec- 
essary to  abandon  that  theory  entirely.  They  have 
sought  a  more  satisfactory  explanation  and  have 
based  their  Planetesimal  Hypothesis  largely  upon  the 
widespread  spiral  motion  in  the  nebula'  disclosed  by 
the  work  of   Kta.i  I  i 

Sir  proposed  direct  capture  for  the  bodies  of  the 
Solar  System  but  retains  the  theory  of  lis^ion  for 
double   stars. y 


4  Aslrophysical  Journal,  22,  L65,  1905. 

f  Evolution  of  Stellar  Systems,  Vol.  '_',  pp.  14,  357,  .".si,  1910. 
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Lockyeh's  meteoritic  hypothesis  is  perhaps  the 
besl  known  and  most  extreme  example  of  the  sugges- 
tions that  finely  divided  solid  matter  has  played  an 
important  part  in  the  evolution  of  the  heavenly  bodies. 

The  very  high  radial  velocities  of  the  spiral  nebulae 
which  have  recently  come  to  light  and  their  presumably 
large  masses  are  difficult  to  harmonize  with  the  plan- 
etesimal  hypothesis.  The  great  number  of  these  bodies 
indicates  the  importance  of  this  type  of  motion,  but 
high  radial  velocities  and  large  masses  are  difficult  to 
explain  on  the  assumption  that  they  have  been  orig- 
inated by  the  near  approach  of  two  stars.  If  formed 
in  this  way  the  masses  would  be  of  the  order  of  stellar 
masses  and  the  radial  velocities  should  be,  in  all 
probability,  of  a  similar  order. 

The  high  radial  velocities,  unusual  forms  ami 
probable  large  masses  of  the  spirals,  notwithstanding 
their  seeming  peculiar  negative  relation  to  the  galaxy, 
differentiate  them  sharply  from  the  stars.  Whether 
they  are  true  Stellar  Universes  like  ours  is  nut  certain 
altho  their  spectra  and  the  appearance  of  many  nova? 
in  them  tend  in  that  direction.  If  they  are  found  to 
have  systematically  large  motions  of  recession  from 
our  stellar  system  in  all  directions  it  will  be  difficult  to 
conceive  of  them  as  independent  systems.  It  is  not 
impossible,  however,  to  conceive  of  systems  which  are 
very   much   smaller  than   our  stellar  system   yet    large 


enough  and  with  the  attributes  to  furnish  nova; 
phenomena  —  that  spiral  nebulae  may  not  necessarily 
be  autonomous.  It  is  perhaps  significant  that  their 
velocities  are  of  the  order  which  would  be  necessary 
to  drive  streams  of  matter  permanently  away  from  the 
larger  stars. 

Taking  all  things  into  account  it  may  be  doubted 
that  there  is  any  great  similarity  between  the  Solar 
System  and  the  spiral  nebulas  beyond  the  community 
of  matter  existing  throughout  the  known  universe. 
The  development  and  changes  of  orbits  from  the 
original  motions  within  a  spiral  in  the  planetesimal 
hypothesis  have  not  been  worked  out  as  far  as  I  know. 
It  is  therefore  impossible  to  say  whether  a  dependence 
of  orbital  eccentricity  upon  relative  mass  would  be  a 
consequence  of  that  theory  or  not.  Such  a  dependence 
could  scarcely  result  from  the  Laplacian  ring  theory. 

There  seems  no  reason  to  doubt  that  higher  eccen- 
tricities in  systems  with  the  smaller  secondaries  would 
be  a  consecpience  of  pure  capture  originally,  either  of 
bodies  of  very  small  mass  or  appreciable  size. 

Further  confirmation  and  discussion  of  this  depend- 
ence as  well  as  its  importance  must  be  left  to  the 
future. 

Observatorio  National  Argentina, 
Cordoba,  December   U .  1920. 


ELEMENTS   OF   THE   POXS-WIXXECKE   COMET, 

By   F.   E.   SEAGRAVE. 

The  elements,  constants  and  anomalies  of  the  Pons-Winnecke  Comet,  as  given  below,  are  based  upon  three 
observations  made  by  Prof.  Barxard  of  the  Yerkes  Observatory  on  April  12,  May  7  and  May  31,  1921.  The 
periodic  time  based  upon  these  elements  is  2185.909  days. 


E  =  May  31.7535  G.  M.  T.  1921 

M  =  357    .Mi'  is". 71 

co  =  170°  17'  IS". 07 

it  =  268°  23'  46".87 

£  =    98°    6'28".80 

i  =     is   :,4'  36".84 


Log  e  =  9.8352121 

Log  a  =  0.5180224 

Log  q  =  0.0173717 
ti  =  592".888 

x  =  r(9.9764102)  sin  (188°  33'  50".03  +  u) 
y  =  K9.9742350)  sin  (105°  28'  10". 06  +  «) 
z  =  r(9.6660434)  sin  |   58c  12'    2". 50  +  u) 


(  I  ECCENTRIC 

i     =  April  12.6458     X     =  223°  59'  35".65  0  =  +56°    1' 53".59 

!'    =  May     7.792S     X'    =  249°  34' 54".32  (3  =  +68°    9'    4".05 

t"  =  May  31.7535     X"  =  323     6' 28".06  0  =  +56c  37' 53".99 


N      7'.  hi 
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is:, 


Heliocentric 

/     =  207°  13' 13".86     //     =  +17°56' 10".89  Log  r    0.1232763 

V    =229   23'56".44     6'    =  4-14°26'    4".49  Log  r'  0.061995] 

I"  =  255°    2'24".33     b"  =  -\    7°38'42".ll  Log  r"  0.0230472 


=  108°  9'  I'M 7 
=  129°  43'  16".50 
=  155°  4.5'  50".74 


Tri  i    Anomalies 

i  =  297°  51' 43".10 
>'  =  319°  25'  58".43 
i"  =  345   28'  32".67 


I.'  CEN1  RIC  ANOM  m.i  I  - 

E     =  330  15'  28".36 

/•;'    =341  19'    0".22 

E"       353  II'    L".46 


Mean  Anomalies 

.1/  =  349°  54'  33".36 
.1/'  =  354°  3'  2". 7U 
M"  =  357°  59'  4S".71 


z'  =  55°  16'  27". OH 
Log  p  =  0.2437770 


SUNSPOT  OBSERVATIONS, 

WAD]      \\     BERWYN,    PENN.    WITH    A    I  IM  n    R]   • 

By   A.   W    QUIMBY. 


1921 

Time 

New 
Grs. 

Total 
Grs.  Spots 

Fa.- 
Gra. 

Def. 

1921 

Time 

\  i '  w 

Grs. 

Total 
Grs.  Spots 

i  :n 

Def. 

1921 

Time 

New!      Total 
Grs.)  Grs.   Spots 

Fac. 
Gra 

Def. 

Jan.      1 

8 

1 

4 

10 

2 

fair 

Jan.  28 

8 

1 

3 

1 

fair 

Feb.  21 

9 

2 

5 

1 

faii- 

2 

9 

- 

2 

16 

1 

fair 

29 

8 

1 

1 

2 

fair 

25 

s 

1 

3 

1 

fair 

3 

8 

2 

111 

1 

fair 

30 

12 

1 

2 

2 

2 

fair 

26 

8 

1 

1 

1 

1 

faii- 

4 

8 

2 

15 

2 

fair 

Feb.     1 

8 

1 

3 

1 

fail- 

28 

10 

1 

2 

1 

fair 

5 

9 

- 

1 

12 

3 

fair 

2 

4 

- 

1 

5 

1 

la  ir 

Mar.     1 

8 

1 

4 

1 

fair 

ti 

8 

- 

1 

12 

1 

fair 

3 

10 

1 

7 

1 

fair 

2 

8 

1 

2 

faii- 

7 

9 

1 

10 

- 

f  ait- 

4 

9 

1 

12 

fair 

3 

4 

— 

- 

fair 

S 

4 

1 

2 

4 

1 

fair 

5 

8 
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Avril  9 

L 

P. 

10 

L 

P. 

Jinn  9 

L 

P. 

9  28  43.87 

1 

8  4  47.90 

1 

8  46  54.68 

1 

12  13  15.0 

9  2  44.C.S 

1 

7  43  38.5 

8  40  29.82 

1 

1 1  36  34.45 

1 

1 1  59  34.98 

1 

2 
1 

11  26  12.22 

12  19  4(1.06 

2 

13  46  56.4.") 

2 

0  If.  2-2  57 

1  12  36.45 

1  58  46. OS 


1  12  56.06 

5  44  57.7  1 
8  53  20.91 

11  14  41.94 
14  41.83 

12  35  33.71 

13  33    6.88 
18  57  11.00 


+  0.57 

1 

0.79 

I 

0.8C 

I 

s 

+  0.97 

I 

I 

+  0.97 

s 

+  0.S2 

s 

+  0.77 

I 

-!  0.66 

s 

+  0.66 

s 

0.61 

I 

O.SO 

I 

83  1  13.3 

- 

5.1 

70  32  1.3 

- 

3.8 

74  12  13.6 

- 

1.2 

61  38  57.9 

+ 

0.2 

63  45  L1.0 

_ 

1.4 

62  '_'5  is.o 

- 

2.3 

61  28  3.2 

+ 

0.3 

69  21  26.1 

+ 

2.7 

85  i,5  11.3 

+ 

9.6 

25  6,1 

+ 

4.7 

96  19  10. 0 

+ 

4.0 

03  27  50.2 

+ 

6.6 

17  0  55.3 

+ 

3.2 

I  >:it,- 


Tm  Besancon 


AI>  Apparente 


Correct. 
6V  ephem. 
C.  H.  T. 


D  P.  Apparent! 


<  lorrect. 

d'  I'plii'in. 

C  d   T. 


Diameire 


Vert         I  Ii  n  iz. 


( Ibservations 


1909 

Oct.   7 

11 

14 

15 

18 

19 

20 

22 

Nov.  4 

5 

9 

1914 

Jan.  13 

19 

22 

23 

24 

26 

30 

31 

2 

3 

6 


Feb. 


10  52  26.76 
33  30.80 
19  45.53 
15  15.84 

10  2  4.40 
9  57  46.43 

53  31.5.5 

45  10.70 

8  55  40.84 

52  11.79 

38  41.23 

11  21  8.75 
10  48  35.06 

32  53.11 
27  45.19 
22  40.  is 
10  12  40.92 
0  13  23.20 
48  42.73 

39  32.37 
35  2.65 
21  55.05 


23  50  7.84 
52  54.98 

50  57.11 
50  23.21 
48  59.30 

48  37.17 
is  is.  11 
47  49.03 

49  26.26 
49  53.10 
52  6.64 

6  51  25.65 
42  25.07 
38  31.11 

37  18.90 
36  9.92 
34  1.83 

30  27.17 
29  42.49 
28  23.73 
27  49.84' 
26  20.75 


-0.44 
0.44 
0.35 
0.44 
0.3S 
0.11 
0,40 
0.43 
0.84 
o.ss 

-1.04 

-0.20 

0.16 
0.23 
0.21 
0.17 
0.16 
0.17 
o.os 
0.17 
0.15 
0.15 


Man 

0  1  15 
46 
13 
42 

35 

■:,:; 

30 
23 

93  1 1 
4 

02  33 


50.0 
24.S 
43.0 
ll.o 

52.2 
8.1 
7.2 
10. s 
40.3 
35.7 
42.1 


63     1  50.7 

62  52  IS. 3 

10  56.1 

10  27. s 
10  s.7 
IS  55.1 
40  50.3 

50  31.S 

51  50.1 

52  15.7 

:,:,  13.7 


+  3.8 

1.50 

25.65 

3.0 

1.57 

25.10 

2.8 

1.55 

24.20 

2.1 

1.50 

23.38 

3.3 

1,10 

22.68 

2.7 

1.42 

23.15 

3.1 

1.14 

21.  SO 

2.6 

1,11 

21.50 

l.S 

1.25 

20.13 

2.4 

1.31 

10.31 

+  2.3 

1.12 

1S.S5 

-  3.1 

1.12 

2.6 

1.10 

l.S 

1.21 

17.05 

1.6 

1.17 

16.07 

1.2 

1.00 

16.90 

1.1 

1.12 

16.03 

1.5 

1.13 

17.02 

1.8 

1.07 

15.30 

0.0 

1.07 

15.73 

1.0 

1.11 

16.00 

-  0.7 

1.13 

10.05 

B  1  seul  iil> 
1'.  I 
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Tm  Besancon 


A I J  Apparente 


( Correct, 
d'  ephem. 
C   ,1   T. 


D.  P.  Apparente 


(  'ulTiTt 

d'  ephem. 
c.  d.  T. 


I  >iam6tre 


Observations 


J  up  iter 


1909 
Feb.    L9 

Mars     5 

9 

17 

19 

Avril     2 

3 

5 

6 


9 
16 

17 

20 

21 

23 

28 

1911 

Avril  14 

Juin      3 

Juin      7 

10 

1913 

Juill.  25 

28 

29 


1 2  53 

11  51 

34 

10  59 

50 

9  50 

46 

37 

33 

28 

24 

20 

s  51 

47 

35 

31 

23 

8    3 


42.77 

54.12 

15.39 

7.36 

23.26 

2.34 

47.36 

19.70 

6.58 

54.08 

42.29 

31.01 

30.20 

24.17 

10.16 

6.85 

2.22 

3.03 


13  10  28.77 

9  31  20.99 

9  14  24.64 

1   18.57 

10  33  32.09 
20  20.70 
15  57.90 


10  50  56.09 

44  9.05 
42  13.63 
38  32.25 
37  39.82 
32  20.73 
32  1.77 
31  25.66 
31  8.40 
30  51.77 
30  35.84 
30  20,12 

28  10.57 

28  14.21 

28    6.79 

7  53.95 

10  27  34.24 

1  1  38  41.50 

16    8.53 

14  14  55.63 

14    7.16 

18  45  33.49 
11    9.61 

43  42.(15 


+  0.10 

81  10  32.4 

-    2.7 

3.09 

15, so 

.05 

so  28  19.3 

0.8 

3.15 

44.63 

.06 

16  39.7 

1.3 

3.09 

15.27 

.05 

79  54  45.2 

1.1 

3.14 

44.80 

.09 

49  3S.1 

1.7 

3.08 

44.43 

.05 

19  28.0 

2.0 

3.02 

44.00 

.03 

17  44.9 

1.3 

2.92 

43.48 

.09 

14  27.7 

2.1 

3.00 

13.30 

.03 

12  55.7 

1.5 

2.98 

42.60 

.00 

11  26.8 

1.7 

3.01 

42.83 

.05 

10    1.6 

1.9 

3.03 

42.47 

.00 

8  40.6 

1.9 

2.97 

12.  i:; 

1     2.1 

3.8 

41.55 

-0.01 

79    0  14.3 

2.0 

2.93 

11.05 

+  0.(15 

78  58  12.4 

1.7 

2.94 

11.90 

.07 

57  39.1 

2,1 

2.95 

42.60 

.00 

56  47.1 

1.3 

2. SI 

40.40 

0.05 

78  55  48.1 

-    1.2 

2.70 

40.75 

+  0.21 

104    0  14.8 

-    0.4 

3.13 

43.70 

0.20 

102  15  50.5 

-   0.8 

2.94 

44.02 

0.22 

-   0.6 

3.08 

2.82 

41.80 

0.17 

102    7  10.6 

0.36 

113  10  58. 7 

+   0.3 

3.51 

10. MO 

0.45 

12  50.6 

-   0.4 

3.48 

40.20 

+0.52 

L3  27.0 

+   0.1 

3.60 

R  1  seul 


19(19 

Oct.    11 

15 

19 

20 

22 

Nov.     -1 

5 

'.I 

26 

1913 

Jan.      7 

Dec.     s 

19 

20 


11  45 

24.33 

11 

10.77 

24  16.83 

20 

3.44 

11  36.88 

10  16  55.80 

12 

44.63 

9  56 

1.70 

s  45 

17.02 

s  36 

2.36 

11    15 

20.50 

10  58 

IS.  95 

10  54 

3.07 

1    16  49. OS 

-1.01 

10  32.28 

1.02 

15  21.78 

1.04 

15     1.25 

1.06 

14  29,11 

1.09 

10  54.56 

1.04 

10  39.20 

0.94 

9  39.81 

0.9S 

1     6  15.05 

-1.00 

3  13    9.7  I 

+  0.17 

l  53  1-V20 

0.08 

19  58.13 

0. 1 5 

49  38.10 

0.11 

84  52  55.2 

+ 

5.S 

1.36 

20.55 

54  42.3 

6.2 

1.10 

20.80 

85     1  43.9 

6.0 

1.35 

20. OS 

3  28.9 

7.0 

1 .32 

20.  SO 

6  53.8 

0.4 

1.40 

21.00 

27  27.5 

6.1 

1.36 

20.55 

28  53.6 

0.5 

1.37 

21.70 

34  20.7 

6.9 

1.31 

20.:  12 

85  51  42.5 

+ 

0.1 

1.31 

19.07 

72  23  54.8 

+ 

0.3 

l.ls 

09    9  45.3 

+ 

0.5 

1.5  1 

14  42.0 

- 

0.5 

1.59 

15     S.O 

+ 

0.6 

1.55 

image  peu  nette 
trouble,  vent  fort 

1)  1  seul  observable 

R  I    

R  I  mauvaise  image 

R  1    
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Dates 

Tm  Besancon 

AR  Apparcnte 

1    O]  I"  i'I 

d'  ephem. 
C.  d.  T. 

D.  P.  Apparente 

d'  ephem. 
C.  ,1.  T. 

1   '",!: 

i  Ibsen 

ill. m- 

V'erl 

1  lullZ. 

1913 
Dec.    23 

30 

1914 

Jan.    13 

16 

Jan.    20 

23 

24 

20 

30 

31 

Feb.     2 

3 

6 

19(19 
Juill.  20 

21 
22 

Aout   23 
2-1 

L909 

Jan.  IS 
I'.i 
■.'() 
21 
26 
28 
29 

Feb.  13 
16 
17 
is 
19 
22 

Mars  1 
3 
9 
1910 

Jan.  6 
L913 

Jan.  8 
24 

tl         111         s 

111  41   1(1.5(1 
11  35.07 

9  13  54.67 

9    0  29.57 

S  44     1.29 

31  44.59 

27  39.86 

19  32.82 

8  3  21.16 
7  59  19.61 

51  18.11 
17  17. s: 
35  20.36 

11  29    s.:,s 

25  2.57 

20  56.5(1 

9  10  29.49 

6  26.90 

11  15  33.80 
11  30.85 

7  28.01 
3  25.18 

Id  13  11.81 

35    6.91 

31     4.41 

9  30  38  01 

is  35.11 

14  34.34 

1(1  33.77 

6  33.25 

s  54  32.27 

26  31.62 
is  36.33 

7  54  44.72 

12  14  57.14 

12  34  50.34 
11  30    2.72 

Il        in        S 

1  is  39.11 

Sail 

+  0.12 

+  0.17 
0.23 
0.1(1 

0.07 

o.os 

0.11 
0.09 
0.22 
0.10 
+  0.09 

-0.19 
0.15 
0.23 
0.10 

-0.23 

-0.54 
0.60 
0.57 
0.59 

0.5S 
0.52 
0.63 
0.51 
0.58 
0.01 
0.56 
0.50 
0.07 
0.5(1 
0.54 
-0.55 

-0.59 

-0.00 
-0.09 

■■'  i     ( !ontinu< 

00   10  22.S 
L9    o.:. 

69  22  51.7 

23  22.:; 
2:;  5i.r, 

24  5.:; 
24    7.8 
21   III.  6 
2  1      1.1 
24     1.3 
23  50.8 
23  43.7 

69  23  L7.5 

I'm  mi* 

112  36  35.0 
30  55.5 
37  15.1 
15  50.6 

112   10     2.3 

Neptune 

OS    IL'  'J  1.1 
12  10.9 
1  1  5S.0 
1  1    10.5 
10   17. S 
10  2  1.3 
10  I2.S 
7  34.5 
7     0.5 
0  5s.  1 
0  17,1 
o  38.8 

o    1  1.0 

5  20.7 

5    6.2 

os     i  30.9 

os  28    7.6 

09   19  39.6 

1  1    11.5 

.1 

-  0.6 

1     0.3 
0.0 

-  0.0 

-  0.1 

-  0.2 
0.0 
O.I 

+   0.7 
+    0.6 
+   0.2 

-  0.2 

-1-    1.2 
1.2 

1.0 

0.0 

+    0.9 

+   2.7 
1.7 
l.s 
1.5 
2.2 
1.9 
1.0 
2.5 
2.S 
3.5 
1.7 
1.9 
2.6 
2.0 
l.s 

•    2.9 

+   3.0 

0.6 

-  0.1 

1.01 

1.5  1 
1.17 
1.50 

1.40 
1.51 
1.50 
1.50 
1.51 
1.15 
1,1s 

B  1 

H  1 

1    13  50.67 
42  13.05 
41  28.29 

B  1 
B  1 

B  1 
B  1 

in  50.41 
40  34.1  1 

10  7.05 

Id      1,10 

39  51.09 

39  47.36 

4  39  37.55 

19  21  27.89 
21   17.77 
21     7.58 
Hi  28.91 

19  16  22.22 

7    6  21.22 
6  14.16 
6    7.22 

0    0.27 
5  26.37 
5  L3.25 

5     0.65 
3  3S.05 
3  23.13 
3   IS. 50 
3   13.SS 
3     9.20 
2  55.97 
2  20.00 
2  23.1  1 
7     2     0.90 

7  17  38.42 

7  10  33.51 

11  10. is 

B  1 

B  1 

B  ]    

B  1 

B  1 

B  i 

I'.  1 
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1  lati  5 

Tm  Besancon 

AP  Apparente 

Correct. 

d'  £phem. 
C.  d.  T. 

I)   P.  Apparcntr 

Correct. 

d'  £phem. 
C.  d   T. 

Diametre 

Observations 

Vert. 

Horiz. 

1909 

Feb.      8 

11 

12 

14 

17 

18 

1914 

Fel).    13 

Mars  11 

h       m       s 

10  29  24.19 

17  17.98 

13  16.04 

5  12.43 

9  53  7.67 
49    6.26 

10  19  47.48 
8  35  27.78 

li       m       8 

7  43  0.03 
42  41.50 
42  35.45 
42  23.63 
42    6.56 

7  42     1.03 

7  52    7.58 
50    1.16 

Neptune  (( !ontinued) 

+  0.01            69  10  17.2 
-0.02                   9  28.2 
-0.05                   9  12.3 
-0.07                    8  40.2 
-0.06                    7  55.3 
-0.07            69    7  40.6 

0.00            692931.(1 
-0.04                 23  22.5 

-  0.5 

-  0.5 

-  0.4 

-  1.1 

-  0.4 

-  0.3 

-  0.7 

-  0.7 

Dates 


Tm  Besancon 


1909 

Juin    14 

Juill.  20 
21 
22 
1913 

Mai  20 
21 
2S 

Juin  4 
6 
10 
14 
15 
16 

1909 
Juill.  21. 

1913 

Mai    21 

28 

30 

Juin      4 

15 

1914 

Juill.  IS 

L909 
Dec.    13 

14 


AH  Apparente 


Correct, 
d'  ephem. 
Naut.  Aim. 


D.  P  Apparente 


Correct, 
d'  £ph£m. 
Naut.  Aim. 


( Observations 


14  26  50.24 

11  35  25.90 

30  33.94 

25  42.35 

11  40  17.01 

35  26.69 

1  40.23 

10  28  27.44 

19  6. SO 

0  39.02 

9  42  31.30 

38  2.50 

33  35.2 


9  13  12.84 

10  36  40.29 

5  8.56 

9  56  1S.2S 

34  33.93 

s  -is  39.48 

1  1  18  33.17 


11  2  20.0.-, 
10  57  42.69 


19  57  42.00 
27  40.24 
20  50.04 
25  54.21 

15  32  17.44 
31  21.98 
25  5.88 
19  23.54 
17  54.54 
15  9.90 
1 2  55.43 

15  12  12.52 


17  39  41.39 

14  32  25.93 
28  24.02 
27  20.31 
2.5  21.18 

14  22  41.32 

19  32  14.05 


1  30  12.01 
29  30.44 


Ceres     (1) 


+  2.56 
2.74 
2.83 
2.84 

+  2.90 
2.87 
2.87 
2.03 
2.75 
2.02 
2.71 

+  2.04 


117  15  29.3 
120  27  45.8 
120  31  42.7 
120  35  33.1 

101  44  16.3 
44  52.3 
50  41.7 

102  0  17.9 
3  15.0 

11  48.1 

21  11.7 

23  44.2 

102  26  26.6 


Pallas     (2) 

68  14  55.0 


3.68 

64  24  53.6 

3.61 

21  47.1 

3.52 

23  48.7 

3.53 

33  50.7 

3.21 

05  IS  55.-1 

•2.00     70  23  13.3 
Junon     (3) 


•0.49 

0.50 


02  50  38.4 
is  55.8 


+ 


1.2 
1.0 
1.5 
2.6 


+  16.4 
19.2 
18.6 
19.7 
17.7 
20.2 
19.8 
18.4 

+  21.0 


+  0.1 

-  2.0 
1.4 
2.5 
3.3 

-  4.2 


3.3 


+  2.4 
1.2 
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Dates 

Tm  Besancon 

All  Apparente 

< lorrect. 

d'  rpliritl. 

Viiii     Aim. 

D.  1'.  Apj 

rect. 
pMm. 
Naul    Aim. 

( ibsei i 

1909 

Dec.    16 

30 
HMO 

.Ian.  6 
27 
31 
1913 

Oct,  10 
11 
14 
17 
30 

1909 
Juin    14 

17 
19 
1913 

Juill.  28 
29 

ti       in       a 

10  48  30.09 
9  46  42.13 

9  17  54.70 

8  0  40. OS 

7  47  38.58 

9  52    0.84 
47  43.66 
35     1.76 
22  34.35 

8  31  37.66 

10  37    9.01 
22  58.72 
13  39.19 

12  39  51.0 
12  34  59.59 

Jl 

4  28    9.44 
21  23.16 

4  20    6.96 

25  37.23 
28    9.89 

23  7  30.14 
7  8.82 
6  14.49 
5  34.70 

23    5  44.86 

16    7  23.70 
5     0.76 
3  32.81 

non     (3)   (( 

-0.10 
0,11 

-0.36 
0.24 

0.24 

-0.16 

0.19 

0.07 

0.13 
-0.11 

Vesta 

+  1.11 
1.08 
1.14 

+  3.36 

'niii  inued  i 

92  l  1  28.0 
01  37    5.1 

90   13  56.0 
87  10  42.9 
so  37    7.2 

99    5  38.2 
L3  55.0 

10  10.7 

100  1     3.5 

101  IS  18.6 

(4) 

103  57   16.6 

104  6  22. S 
ini  12  59.2 

1  L2  35  30.0 
13  29.9 

1.0 
L.8 

+    1.4 
+    1.7 

-  0.2 

+  2.0 

3,1 
3.5 
2.3 

+   2.7 

+   4.0 
+   2.6 
+   3.2 

15.1 

-  16.0 

'Jl     3     7.  is 

Dates 


Tm  Besancon 


Al!  Apparente 


I    iilTi'i'l  , 

d'  ephem. 


D.  P.  Apparente 


( 'mi ect . 
d'  i'']>li('in. 


Remarques 


1909 
Mai    24 

Juin       1 

7 

9 

14 

1000 

Nov.  4 
5 
9 

1914 

Avr.    15 

16 

17 

18 


13  11  56.31 
12  36  10.70 
12    7     3.86 

11  57  17.07 
11  33  55.01 


11  52  17,18 
48  1.04 
28  55.67 


10  36  40.70 
32  13.30 

27  34.03 
22  49  11 


17  22  49.22 
15  38.81 

9  .".7.12 

8    2.7:; 

17     3  10.02 


2  47  1.00 
10  I  L.32 
42  49.04 


12  0  33.37 
9  I  .so 
s  L8.9] 

12    7  20.17 


Herculina       332 


7.s 
8.2 
s.o 
8.3 
9.0 


•4.36 
4.12 
3.42 

Metis     (9) 


07  44   17.3 

OS  II    11.1 

37  lo.l 

47  15.1 

00  13  27.5 


EurynOmt      (79) 


76  :-  38.5 

11    12.5 

77  1  1     7.0 


S2  30  10.3 
:;:.  35.4 
.:u  10.3 
35  21.2 


0.0 

-  1.2 
1.2 
1.1 

-  0.0 


+  30.7 
28.6 
22.8 


Ephem.  1.  Chofardel 

1'..  A.   1000 


Ephdm6ride   du    Ber- 
liner Jahr.,  de  1911 
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Tin  Besaneon 

AI!   Apparente 

Cornel 
d'  ephem. 

D.P.  Apparente 

<  lorrect. 
d'  ephem 

Remarques 

1914 
Avr.    18 
28 
Mai      2 

h      m      s 

11  33  14.47 

10  44  52.40 

25  26.52 

h     m       s 

1-3  18     6.10 
9     1.64 

5  ls.Ts 

MassaXia 

(20) 

98°  16  27.8 
97  16  54.5 
96  57  51.2 

PROPER-MOTIONS   OF   CERTAIN    LONG   PERIOD   VARIABLE   STARS, 

By   AXXE   S.    yOUNG   and   ALICE    H.    FARXSYVORTH. 


A  list  of  long  period  variable  stars  whose  proper- 
motions  had  been  determined  from  measures  of  photo- 
graphic plates  taken  with  the  24-inch  reflector  of  the 
Yerkes  Observatory  was  published  in  No.  784  of  this 
J<  urnal.  We  give  now  an  additional  list  of  ten  long 
period  variables  whose  proper-motions  have  been 
found  in  the  same  way. 

The  material  given  in  this  table  is  of  the  same 
character  as  that  given  there  and  needs  no  explana- 
tion. 

The  plates  used  for  n  Ceti,  the  brightest  variable  of 
this  type,  were  taken  with  the  aperture  reduced  to  12 


inches  and  were  exposed  four  minutes  instead  of  an 
hour.  Boss*  gives  for  this  star  a  proper-motion  of 
—  0s. 0001  in  right  ascension,  —  0".237  in  declination. 
Least  squares  solutions  were  made  for  o  Ceti  and  V 
Librae  because  of  the  unequal  distribution  of  the 
standards. 

Grateful  acknowledgment  is  made  of  the  grant 
received  from  the  American  Association  for  the 
Advancement  of  Science  which  has  made  it  possible 
for  us  to  secure  help  in  recording  and  reducing  meas- 
ures. 
*  Preliminary  General  Catalogue. 


Star 


R.  A.  (1900) 

Decl.     L900) 

Ep. 

Int. 

No. 

Stars 

n° 

^j 

Resid.  in 

a          S 

b       n,         s 

2   14   17.66 

-   3  25  53.5 

07.68 

13.20 

12 

+  .026  11018 

-.208 

2 

2 

5  20  30.84 

+  34     3  44.0 

07.87 

12.24 

25 

+  .040  .0033 

+  .014 

2 

5 

7  56     9.51 

-12  33  5S.5 

08.25 

11.88 

27 

-.016  .0011 

-.036 

4 

2 

9  54  27.81 

+  21   44   29.7 

08.22 

11.98 

19 

+  .021   .0015 

+  .010 

2 

7 

15  36  13.62 

-20  51   29.5 

08.49 

11.97 

16 

+  .034   .0024 

-.044 

6 

10 

L6     2  31.34 

+  10  11  56.8 

08.19 

12.27 

25 

+  .002  .(HKI2 

+  .049 

4 

8 

20  39     8.76 

-   5  11   42.1 

07.76 

12.11 

27 

+  .014    .0009 

+  .035 

0 

3 

21    16  29.77 

-  L5  35     2.9 

07.76 

L1.87 

18 

+  .005  .0004 

-.013 

3 

9 

21   57  52.36 

-17     6  34.0 

07.55 

12.33 

21 

+  .001    .000! 

+  .020 

1 

6 

23     1  37.63 

+  10     0  12.7 

01.99 

19.02 

25 

-.030  .0020 

-.023 

2 

1 



S  .  1 " 
V  Pup  i 
1    L(  01 
I "  Librai 

I  '  Sri  p 

)'  Aqucu  ii 
T  <  'apricorni 
U  Aqua 
/,'  /'.  gasi 


Mount  Holyokt  Collegi . 
June,  1921. 


COX  T E X  T S  . 

Observations  Meridiennes  de  la  hum    bt  de  P]  a  M.  M.  Bruck  (B)  et  L.  Perrot  iL.  P.). 

Proper-Motions  of  Certain   Long  Period  \  iriabli    Stars,  by    \\\k  S.  ¥cn   rG    ind    \i.ke  II.  Farnsworth. 
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OBSERVATIONS   OF   COMETS, 

MADE    WITH    Till:    40-INCH    AND    12-INCH    REFRACTORS    "I      nil      YERKES    OBSERVATORY, 

(Continued  from  A.  J.,  Nos.  695,  756  and  780) 
By  GEORGE   VAN    BIESBROECK. 


Date 

G.  M.  T. 

±a 

A8 

Comp. 

App.  <i 

App.  t> 

log   /.A 

* 

[nstr. 

Perioc 

ic  ( !om< 

t  Tern-pel  1920 

a 

■July    20 

19  54  13 

+  0      4.76 

+ 

3  48.9 

6  ,  6 

1  53  24. 6S 

-    1   17  23.3 

9.572?] 

0.778 

1 

12 

21 

21  13  38 

-0  36.33 

- 

2  L5.0 

6  ,  6 

55  56.(17 

-    1   19  MS. 7 

9.4387! 

0.7SI 

2 

12 

22 

19  44  30 

-0  32.74 

- 

1  17.2 

8  ,  8 

1  58    9.17 

-    1  21  MO.O 

9.579n 

0.77s 

3 

12 

24 

20  40    0 

-0  14.42 

+ 

M  35.8 

8,8 

2    2  50.56 

-    1  20  50.0 

0,107// 

0.7S1 

4 

12 

27 

20  40  58 

-1     5.11 

- 

2  12.9 

16  ,  6 

9  27.12 

-    1  M0  IS. 7 

9.485?! 

0.782 

5 

40 

Aug.  21 

21  13  26 

-2  11.40 

- 

7  36.2 

20,4 

2  50  28.22 

-    4    9  22.4 

0.210// 

O.S02 

6 

12 

Sept.      7 

21  15  22 

-1     1.1)7 

+ 

4  12.6 

12  ,  6 

3     1  4M.99 

-    6  52  37.8 

8.784w 

O.S2M 

7 

40 

10 

21     3  34 

+  2  38.61 

+ 

3  13.2 

10  ,  4 

2  13.11 

-    7  23  28. 4 

8.791?! 

0.S20 

8 

10 

11 

21  14  35 

-0  51.43 

- 

1     1.8 

25,5 

2  16.72 

-    7  34    0.3 

8.529?! 

0.828 

9 

12 

14 

22    7     1 

-1  36  09 

- 

4  39.4 

25  .  5 

2    8.65 

-   8    5  43.7 

S.0  1M 

O.SM2 

10 

10 

18 

21  23  41 

+0  10.07 

- 

0    3.8 

6,6 

3    1  17.68 

-   8  46  28.0 

8.583 

0.835 

11 

10 

23 

20  37  16 

+3  25.16 

+ 

s  13.8 

25  ,  5 

2  59  12.70 

o  35     t.o 

7.051// 

0.840 

12 

10 

Oct.      7 

20  31  26 

-2  15.32 

- 

2  51.4 

25  ,  5 

48  10.02 

-11  28  21.M 

9.026 

0.849 

13 

40 

12 

20  34  47 

-0    8.65 

- 

3  38.2 

8,8 

2  42  51.00 

-11  55  15.0 

9.201 

0.848 

14 

40 

Comet  T\ 

1YLOR-S 

KJELLERUP    19' 

>0  c 

Dec.   17 

20  19  46 

-0    4.46 

+ 

•_>  :,2.:> 

6  ,  6 

9  10  59.59 

-    3    0    5.5 

9.083?? 

O.700 

15 

12 

19 

18  51  57 

+0  10.99 

+ 

2  27  A 

8,8 

26  20. si 

-   0  22  15.5 

9.432m 

0.777, 

16 

40 

m     24 

0  IS     s 

+  0  18.08 

- 

1  12.9 

6  ,  6 

9  46    3.21 

+  5  47  15.5 

0,100 

0.733 

17 

12 

Jan.      2 

17  43  27 

-0    2.64 

- 

9  23.0 

6  ,  6 

10  24  48.48 

19  10  56.6 

9.583?! 

0.645 

18 

40 

3 

19  41  16 

-0    9.24 

+ 

7  19.3 

6,6 

28  26.20 

20  Ml   16.3 

9.321?! 

0.546 

19 

12 

5 

17    6  18 

+  0  34.61 

+ 

0  48.8 

6  ,  (i 

34  20.62 

22  46  18.1 

9.630?! 

0.645 

20 

12 

7 

1 8  30  35 

-0  54.57 

- 

6    8.4 

6  .  (i 

40  MM. 70 

■S,     1  Ms.o 

0.510// 

0.529 

21 

12 

8 

1  0  59  35 

-0  25.32 

- 

M  52.7 

6  ,  6 

4M    9.69 

26    4  58.7 

9.645?! 

O.02O 

22 

12 

9 

L9  in  23 

-0    3.18 

- 

4  32.9 

6  .  6 

40    5.86 

27  1  1  27. S 

9.325?! 

0,1  IM 

2M 

10 

11 

2(1  25  14 

-0     1.10 

- 

1  33.8 

6  .  6 

51     5. MO 

29  13  49.7 

0.O7I,, 

0.320 

24 

40 

12 

16  41  22 

+  0    0.62 

+ 

1    9.6 

6  .  6 

10  53     1.7M 

M0     1    0.9 

0.07O/, 

O.000 

27, 

12 

16 

16  15  24 

+  0  49.12 

+ 

1     7.1 

6  ,  6 

11     1     2. M0 

MM  26  14.3 

0.077/, 

0.545 

26 

10 

28 

15  22  12 

+  0  18.24 

- 

4    0.7 

8,8 

14  42.7  1 

40  51  38.6 

0.710// 

0.563 

27 

12 

Feb.     4 

16  40  48 

-0    9.42 

- 

3  56.8 

2,4 

16  49.04 

43  38  11.9 

0.07S/, 

0.198 

28 

12 
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Da 

e 

<;.  M.  T. 

Aa 

AS 

Comp. 

App.  a 

App.  S 

log  pA 

* 

Instr. 

c 

omet  Taylor-Skjellerup  1920  c 

(Continued) 

1921 

Feb.    13 

h      m     s 

17    0  42 

m      s 

+  0  18.62 

+   1  58.8 

8,8 

h      m     s 
11    15      S.32 

+  45°  47  36.4 

9.587r! 

9.688 

29 

40 

15 

22    4  41 

+  0    7.S9 

-10  49.5 

8 

8 

14  14.20 

46    7    6.6 

0.603 

0.70!) 

30 

40 

17 

22    6  19 

-0  47. Mi) 

+   2  54.2 

8 

8 

13  19.04 

46  20  50.5 

0.027 

9.797 

31 

40 

Mar 

2 

14  25  12 

+  0  11.18 

+    1  24.8 

8 

8 

6  45.04 

40  37  20.4 

0.731// 

0.207 

32 

40 

8 

20  38  22 

-0    8.76 

-   9  18.0 

8 

8 

3  50.01 

46    9  34.0 

9.618 

0.770 

33 

40 

9 

15  34  43 

+  1    0.85 

+   1  18.9 

8 

8 

3  22.12 

46    4  47.5 

9.537// 

9.537 

34 

40 

10 

20  26    5 

+  0  29.74 

-   6  48.7 

8 

8 

11     3     1.02 

45  56  40.2 

9.608 

0.703 

35 

40 

Comet  Reid   1921  a 

Mar. 

28 

22    8  40 

-0  11.43 

+   4  40.5 

6  ,  6 

20  22  40.74 

-   9  19  14.3 

9.559n 

0.809 

36 

12 

29 

22  30  26 

+  0  25.54 

+    1  55.2 

6 

6 

23  15.12 

-    8  26  30.1 

9.515« 

0.812 

37 

40 

Apr. 

2 

22  23  32 

-0    0.53 

-    5  21.5 

6 

6 

25  31.84 

-    4  32    4.3 

9.508// 

0.796 

38 

40 

4 

21  16  32 

-0  17.69 

+   0    7.2 

6 

6 

26  42.51 

-   2  18  47.1 

0.586// 

0.781 

39 

•  40 

9 

21  50    3 

-0  13.83 

-    1  19.4 

6 

6 

29  51.05 

+   4  36  23.7 

9.525// 

O.7I0 

40 

12 

17 

19  41  23 

-0  34.93 

-   2  56.3 

6 

6 

36  14.39 

20  32  27.5 

9.652n 

0.700 

41 

12 

18 

22  19  33 

+  0    5.54 

+  0  12.2 

6 

6 

37  24.19 

23  24  56.2 

0.443// 

0.525 

42 

12 

19 

21  19  50 

+  0    2.16 

-    1  27.3 

6 

6 

38  29.19 

26    2    9.0 

9.527n 

0.544 

43 

40 

24 

18    5  13 

+  0  14.08 

+   0    9.3 

6 

6 

15  52.63 

41  14  45.7 

9.758r! 

0.690 

44 

12 

27 

17  49     1 

-5  33.95 

-   3  21.8 

6 

6 

20  53    9.77 

51  40    5.4 

9.8397! 

0.649 

45 

12 

May 

3 

15  39  39 

+  1    2.55 

-   3  39.9 

6 

6 

21  28    0.03 

72  24  15.9 

0.011// 

0.785 

46 

12 

4 

16    2  50 

-0  56.(17 

-    1     6.5 

6 

6 

21    12    7.79 

75  35  48.4 

0.11971 

0.747 

47 

12 

5 

15  32  36 

+  2  43.65 

-   6  31.9 

6 

6 

22     1  47.47 

7s  28  59.4 

0.121// 

0.704 

48 

12 

7 

15  34     1 

-0  25.38 

-   0  34.1 

6 

6 

23  25  5S.04 

83  28  50.3 

0.09171 

0.831 

49 

12 

s 

14  17  54 

+  3  41  18 

-    1  16.3 

6 

6 

0  51     0.81 

85    0  27.1 

0.240 

0.818 

50 

40 

10 

20  43  42 

+ 1  52.99 

-   0  53.9 

6 

6 

5    4  54.88 

84  12    3.7 

0.015// 

0.837 

51 

40 

14 

20  59    8 

+  0  23.64 

-   3  59.9 

6 

6 

7  10  46.71 

77    2  41.4 

9.476 

0.S70 

52 

40 

15 

11  51  11 

+  0  24.86 

+   5    0.5 

6 

6 

16  30.88 

75  51    6.6 

0.239 

9.258 

53 

40 

16 

15  59  49 

-1  13.73 

+   3  34.5 

6 

6 

25  20.00 

74    7  15.9 

o.ios 

0.321 

54 

12 

20 

14  36  39 

-0  23.29 

-   4    0.4 

6 

6 

44    2.40 

68  22  50.4 

0.051 

9.599 

55 

12 

22 

14  30  55 

+  0  16.51 

+   0  45.0 

6 

6 

7  49  16.55 

65  53  43.2 

0.003 

9.771 

56 

40 

29 

14  37    (i 

+  0  12.24 

+   3  37.7 

6 

(i 

8    2  16.71 

59    2  17.3 

0.014 

0.258 

57 

40 

June 

3 

18  22  52 

+  0  29.22 

-    1  17.5 

6 

6 

4  47.27 

55    0  17.9 

0.702 

0.867 

58 

40 

4 

15    8  35 

+  0  30.16 

-    2  15.0 

6 

6 

5  21.73 

5  1  25  52.5 

O.S72 

0.540 

59 

12 

30 

15  21    6 

-0    9.89 

+    1  32.7 

6 

6 

17  57.87 

43    5    4.0 

0.727 

0.707 

60 

12 

July 

3 

15  11  16 

-l)  1  1.S7 

-    1  43.1 

6 

6 

8  19    7. so 

42  13   15.0 

0.717 

0.804 

61 

40 

Pcrioc 

LI    1  ' 

t   WlNNECKE 

921  6 

Apr. 

17 

16  18  10 

+  1    8.03 

-    1  26.9 

30  .  6 

16  10  30.10 

+  39  13  51.9 

9.68871 

0.413 

62 

40 

19 

20  47  46 

+  2  26.60 

+  6    3.0 

25  ,  5 

16    4.00 

40    1  56.0 

8.854 

9.594 

63 

40 

24 

15    9  47 

+  0  24.73 

+  8  47.8 

8  ,  8 

29  30.03 

11   12  15.1 

9.750n 

0.527 

64 

40 

27 

15  44  24 

+0  11.83 

+   5  24.0 

6  .  6 

38  30.05 

42  42    6.5 

0.733// 

0.415 

65 

40 

May 

1 

17  38  50 

-1  23. 54 

+    1  48.8 

52  30. S3 

43  50  31.6 

0.562// 

9.837 

66 

12 

3 

15  56  24 

+  1    6.27 

-   6  14.2 

25  .  5 

16  59  55.44 

44  28    8.8 

0.732/1 

0.334 

67 

12 

4 

17    4  30 

-0    2.37 

-    8  16.7 

6  .  6 

17     4     5.52 

1111  31.2 

9.64b! 

0.012 

68 

12 

5 

15    0  44 

-0    1.96 

-   9  17.8 

6  ,  6 

7  52.04 

4  1  58    2.8 

9.7757! 

0.498 

69 

12 

7 

15    6  52 

-0  58.95 

4-  2  15.3 

25  ,  5 

16  37.01 

45  25  15.0 

9.775?i 

0.478 

70 

12 
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Dat 

e 

G.  M.  f. 

Aa 

s& 

( lomp. 

App.  a 

Mr-  8 

log  /'A 

* 

Instr. 

Periodic  ( !ome1  Winnecke   L921  b 

<  'ontinued) 

1921 

May 

8 

h      m     s 

L5    8    5 

m       s 

+  1  13.36 

+   3  41.2 

25  .  5 

h      m     s 

17  21    10. 1  1 

•   15  38    9.6 

11.777/, 

0.474 

71 

12 

10 

20  17  36 

+  1  26.65 

+   7,    8.3 

32    6.34 

ic.    i    i.i 

S.1S1 

0.7  Hi// 

72 

12 

15 

L5  34   11 

-0  11.91 

+  2  22.1 

ti  .  (i 

59  29.31 

46  2S  Hi. 7 

0.777.// 

0.412 

73 

to 

19 

21  19  18 

+  0    6.61 

6    1:2.0 

(i  .  6 

is  28  38.42 

Hi  L5  2  1.1 

9.100 

9.698n 

71 

to 

22 

I  i  55    0 

-0  40.43 

+  3  59.4 

25  ,  5 

is  50  23.48 

45  43     L.9 

0.701// 

0.593 

77, 

12 

28 

16    4  40 

-2  23.60 

+  4  20.5 

20,4 

L9  ic.  34.34 

12  26  52.2 

0.75S// 

0.540 

70 

12 

29 

2(1  26  L2 

-0  25.20 

-   3    0.7 

(i  ,  (i 

l!i  58  30.94 

41  27.    5.8 

9.155n 

9.448 

77 

12 

June 

31 

l'ii  :;i  :,i 

-1  20.26 

+    0     7.!) 

20  10  52.71 

39  17  L6.9 

9.195n 

9.805 

78 

12 

3 

19  32  45 

-1     l.i.l 

8  1  1.5 

25  .  5 

20  7.2    5.91 

35  11  21.1 

0.407,,/ 

0.260 

70 

12 

4 

17  17  36 

-0  22.66 

-    6  10.4 

6  .  ti 

21     2    2.64 

33  11  35.7 

9.693« 

0.7,70 

80 

12 

5 

20  31  40 

+0  12.59 

+   2  20.3 

6  .  6 

2114  24.83 

31  40  45.4 

0.333// 

0.290 

si 

12 

12 

is  :.n  is 

-0    9.29 

-10    5.3 

6,6 

22  25  45.09 

16  18    5.1 

9.597n 

(I.0S2 

82 

40 

<  'omparison  Sims 
Mean  Coordinates  for  Beginning  of  Year  and  Reductions  to  Apparent  Places 


No. 

a 

S 

Rod.  a 

Red.  8 

Authority 

1 

h      m      s 

1  53  17..",:; 

-    1  21  27.2 

-f  2750 

+  15.0 

Alger  ph.  -1°,  lh  56'",  No.  53;  -2°,  1"  52'",  No.  26. 

2 

1  56  30.00 

-    1  17  3S.7 

2.40 

15.0 

Alger  ph.  -1°,  l1'  56'",  No.  66;  -2°,  Lh  52m,  No.  42. 

3 

1  58  39.49 

-    1  20  33. S 

2.42 

15.0 

B.  1).  -1°  280  —  3  obs.  Abbadia. 

4 

2     3     2.7,3 

-    1  30  41.0 

2.45 

15.2 

Agler  ph.  -1°,  2h  4m,  No.  62;  -2°,  21' 0'",  No.  89. 

5 

2  10  29.73 

-    1  34  21.0 

2.70 

15.2 

/;.  D.  -1°  306  —  4  obs.  Abbadia. 

6 

2  72  36.69 

-    4     2     2.7 

2.03 

10.7, 

Boss  P.  G.  C.  ooo. 

7 

3    2  42.39 

-   6  57    8.3 

3.27 

17.0 

A.  G.  Ott.  700. 

8 

2  59  31.15 

-     7  26  59.9 

3.35 

L8.3 

.1.  G.  Ott.  690. 

9 

3    3     t.80 

-    7  33  10.0 

3.35 

18.1 

.1.  G.  Ott.  7os. 

10 

:;    3  tl.33 

-   8     1  22.6 

3.41 

18.3 

A.  G.  Ott.  710. 

11 

3     1     4.11 

-    8  40  42.9 

3.50 

18.7 

A.  G.  Ott.  oos. 

12 

2  55  47.63 

-   9  13  47.8 

3.02 

10.2 

A.  G.  Ott.  077,. 

13 

2  50  22.37 

-11  21  53.4 

3.S7 

10. o 

.1.  G.  Earv.  07,0. 

14 

2  42  5  ..69 

-ll  :,l  55.9 

3.96 

+  19.1 

B.  1).  -12    722  referred  to  Earv.  633. 

15 

9  16  59.72 

-    3   12  30.0 

4.33 

-21.4 

A.  G.  Strb.  3023. 

16 

9  26  L1.48 

-    0  24  20.0 

4.37 

-22.9 

Alger  ph.  -  1",  9h  24'",  No.  01;  0°,  9h  28m,  No.  84. 

17 

9  47,  40. OH 

+   5  49  24.5 

4.44 

-26.1 

Anon,  referred  to  Kii  4312. 

18 

10  24   10.70 

10  2d  33.9 

1 .33 

-14.3 

A.  G.  Berl.  .1.  1107. 

19 

28  34.11 

20  23  41.6 

1.33 

-14.6 

A.  G.  Berl.  B.  10  17. 

20 

33  73.00 

22  45  44.8 

1.35 

-15.5 

Paris  ph.  22°,  10h  32'",  No.  48;  23°,  101'  2S"\  No.  130; 
10h  30-.  No.  106. 

21 

41  26.99 

25  11     3.6 

1.36 

-16.3 

Oxf.  ph.  25°  38103,  38293;  26°  28950. 

22 

43  33.02 

20  11     8.0 

1 .39 

-16.6 

Oxf.  ph.  20    2007,2,  27    20710. 

23 

40     7.07, 

27  10    0.7 

L.39 

-16.9 

Oxf.  ph.  27°  26830,  28°  31730. 

24 

51     4.98 

29  IS  41.0 

1.42 

-17.5 

Oxf.  ph.  20   30073,  30°  26053. 

25 

10  52  59.67 

30    0    9.0 

1.44 

-17.7 

A.  <!.  Lei.  4321. 
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26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


Rod.  a 


11  0  11.73 
14  22.71 
16  56.54 
14  47.47 
14  4.03 
14  4.03 
ii  31.34 

3  56.20 
2  28.70 

11    2  28.70 

20  22  51.48 

22  48.88 

25  31.56 

26  59.37 
30    3.95 

36  48.25 

37  17.56 

38  25.95 
45  37.38 

20  58  42.56 

21  27    2.37 

43  3.45 
21  59  2.97 
23  26  24.07 

0  47  22.18 
5  3  4.79 
7  10  23.19 

16  6.02 
26  40.28 

44  25.40 

7  48  59.60 

8  2    3.92 

4  17.49 
4  54.01 

18  7.11 
8  19  22.10 
16  9  20.05 
13  36.23 
28  53.68 
38  24.99 
51  11.01 

16  58  46.86 

17  4  5.57 
7  51.66 

17  33.60 
20  0.37 
30  37.29 

17  59  38.77 

18  28  29.32 


33  25  25.7 

40  55  59.2 
43  42  28.4 

45  45  56.1 

46  18  14.4 
46  18  14.4 
46  36  20.2 
46  19  6.2 
46  3  42. (i 

+  46  3  42.6 

-  9  24  0.5 

-  8  28  30.8 

-  4  26  47.4 

-  2  18  58.2 
+  4  37  41.0 

20  35  25.6 
23  24  46.4 
26  3  39.3 

41  14  42.1 
51  49  34.1 
72  28  3.7 
75  37  2.7 
78  35  38.0 

83  29  31.2 
85  1  48.5 

84  12  56.1 
77  6  38.3 
75  46  3.3 
74  3  38.8 
68  26  49.4 
65  52  57.6 
58  58  40.8 
55  1  37.9 
54  28  10.3 
43    3  39.5 

42  15  37.1 
39  15  28.1 
39  56     1.8 

41  33  35.1 

42  36  I1'  3 

43  54  49.2 
14  34  28.6 

44  52  53.0 

45  7  25.6 
45  23  4.0 
45  34  32.5 

45  55  59.7 

46  25  57.3 
46  22    8.2 


1.51 
1.79 
1.97 
2.23 
2.28 
2.31 
2.52 
2.57 
2.58 
2.58 
0.69 
0.70 
0.81 
0.83 
0.93 
1.07 
1.09 
1.08 
1.17 
1.16 
1.11 
1.01 
+0.85 
-0.65 
-2.55 
-2.90 
-0.12 
0.00 
+  0.14 
0.3S 
0.44 
0.55 
0.56 
0.56 
0.65 
0.66 
2.11 
2.13 
2.19 
2.23 
2.28 
2.31 
2.32 
2.34 
2.36 
2.38 
2.40 
2.45 
2.49 


Red.  8 


-18.5 
-19.9 

-19.7 
- 18.5 
- 18.3 
-18.1 
-15.6 
-14.2 
-14.0 
-13.8 
+   5.7 


5.5 

4.6 

3.9 

2.1 

1.8 

2.4 

3.0 

5.7 

6.9 

7.9 

7.8 

7.6 

6.8 

5.1 

1.5 

3.0 

2.8 

2.6 

1.4 

0.6 

1.2 

2.5 

2.8 

7.6 

8.1 

9.3 

8.8 

7.5 

6.8 

6.0 

5.6 

5.2 

5.0 

4.3 

4.1 

3.6 

2.7 

l.s 


A.  G.  Lei.  4351. 

Hels.  ph.  Cliche  471,  No.  69;  CI.  474,  No.  24. 

Hels.  ph.  Clichi  475,  No.  74;  CI.  479,  No.  12. 

Hels.  ph.  Cliche  476,  No.  38. 

Kii  5003. 

Kii  5003. 

Hels.  ph.  Cliche  466,  No.  71:  Cliche  473,  No.  6. 

Hels.  ph.  Cliche  466,  No.  61. 

Hels.  ph.  Cliche  466,  No.  55. 

Hels.  ph.  Cliche  466,  No.  55. 

,1.  G.  Ott.  7256. 

A.  G.  Oil.  7255. 

A.  G.  Str.  7095. 

Alger  ph.  -2°,  20h  24m,  No.  260. 

B.  D.  4°  4486  —  4  obs.  Abbadia  (08.00). 
B.  D.  20°  4671  —  3  obs.  Abbadia  (04.99). 
A.  G.  Bed.  B.  7860. 

Oxf.  ph.  25°  70162,  26°  68223,  27°  58517. 

A.  G.  Bonn  (Verbess.)  14690. 

A.  G.  Hnrv.  6869. 

Gnv.  ph.  72°  8966. 

Grw.  ph.  75°  8317. 

Gnv.  astrogr.  III.  5690. 

Grw.  astrogr.  III.  2185. 

Grw.  astrogr.  III.  1087. 

Grw.  astrogr.  III.  1193. 

Grw.  ph.  77°  2946. 

Grw.  astrogr.  III.  7688. 

Grw.  ph.  74°  3031. 

Grw.  astrogr.  III.  12727. 

Grw.  ph.  65°  2611. 

A.  G.  Hels.  5384. 

A.  G.  Hels.  5406. 

A.G.  Harv.  3055. 

Hels.  ph.  Cliche  349,  No.  69. 

Boss  P.  G.  C.  2220. 

Sec.  10  Y  (1890)  No.  4086  +  p.  m. 

.4.  G.  Bonn  (Verbess.)  10439  +  Lu  6681. 

A.  G.  Bonn  (Verbess.)  10585. 

A.  G.  Bonn  (Verbess.)  10673. 

A.  G.  Bonn  (Verbess.)  10804. 
A'»  7550. 

B.  D.  44°  2654  —  Bonn  V. 
A.  G.  Bonn  (Verbess.)  L0995. 
.1.  G.  Bom,  (Verbess.)  11105. 
Kii  7713. 

.1.  G.  Bonn  (Verbess.)  11258. 
.1.  G.  Bo,,,,  (Verbess.)  11637. 
.4.  G.  Bonn  (Verbess.)  12055. 
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No. 

a 

8 

Red.  a 

Red.  & 

Authority 

h       m       s 

o           ,            > 

, 

75 

18  51     L.39 

15  39    3.5 

2.52 

-    1.0 

Ki  8380. 

76 

19  48  55.43 

42  22  31.6 

2.51 

+   0.1 

A.  G.  Bonn  (Verbess.)  13473. 

77 

19  58  53.62 

41  28    6.0 

2.52 

+   0.5 

.1.  <;.  Bonn  (Verbess.)  L3671. 

78 

20  21  10.46 

39  17    8.0 

2.51 

+   1.0 

.1.  <;.  f.u  934  1. 

79 

20  53    5.04 

35  19  33.6 

2.48 

+   2.0 

Kii  9271. 

80 

21     2  22.84 

33  47  52.6 

2.46 

+   2.5 

A.G.  Let  8703. 

81 

21  14    9.80 

31  38  L3.0 

2.44 

+   3.1 

A.G.  Lef  8838. 

82 

22  25  52.13 

16  28    2.8 

2.25 

+   7.6 

A.  G.  Berl.  A  9196. 

REMARKS 


#  1920  a 

July  20  Nebulosity  about  2'  in  length  with  eccentric  condensation  towards  the  south.  Total  brightness 
9M.0. 

July    21     Through  clouds. 

July  27  Stellar  nucleus  of  about  14M.  Short  tail  \}4'  in  length  in  position  angle  10°.  Total  brightness 
10M.0. 

Aug.  21  Short  diffuse  tail  in  first  quadrant.  Settings  difficult  on  diffuse  nebulosity.  Total  brightness 
10a. 

Sept.  7  Difficult  on  account  of  moonlight.  Eccentric  stellar  condensation  about  14M.  Nebulosity 
extends  over  1'  in  position  angle  22°.  The  position  is  possibly  KR  =  4".8  north  of  the  one 
given,  because  of  an  error  of  one  revolution  in  the  reading  of  one  of  the  two  series  in  declina- 
tion. 

Sept.  11     Nucleus  about   14M.5.     Nebulosity  very  faint. 

Sept.  14     Faint  nucleus  about  14M.5.     Total  brightness  13M.5. 

Oct.      7     Total  brightness  14M. 

Nov.  13  Visible  in  40  inch  as  a  faint  nebulosity  of  about  IK'  in  diameter  without  nucleus.  No  suitable 
comparison  stars.  / 


1920  c 


Dee. 

17 

Jan. 

5 

Jan. 

11 

Jan. 

28 

Feb. 

13 

Feb. 

15 

Feb. 

Mar. 


Hound  nebulosity  of  \l/i'  in  diameter.     Total  brightness  1()M.     Diffuse  nucleus  11M. 

The   nebulosity   is  more  extended   in   position  angle  270°.     The  nucleus  is   not    sharp  and   well 

elongated  in  a  direction  90-270°.     Total  brightness  10M.5. 
Nucleus  elongated  towards  275°;   its  brightness  only  13M.     Total  brightness  llM. 
Total  brightness  12M.5.     Central  condensation  1 3 M . 5 . 

Round  nebulosity   1'  in  diameter,  13M  total  brightness.     Central  condensation  14M.5. 
About  14  sec.  prec.  and  3'  north  of  the  comet  there  is  an  anonymous  nebula  presenting  a  striking 
resemblance  to  the  comet:    round,  faint  central  condensation,  diameter  IK'  but  1M  brighter 
than  the  comet.     For  1900.0  the  position  of  the  nebula  is: 
ll1'  12'"  47^.72     46°4'0".7 
17     Diameter  50".     Total  brightness  14M.     Central  condensation  only  15M. 
8-9-10.     Object  extremely  difficult.     Settings  very  uncertain. 
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#  1921  a 

Apr.     2     Nebulosity  extends  5'  in  position  angle  230°.     Total  brightness  0M.2  below  the  comparison  star 

or  8M.2. 
Apr.      4     Nebulosity   extends   6'  in  position   angle  230°.     Magnitude: 

B.D.    -2°  5279   (8M.0)    -2    -  p    -  2  -  B.  D.   -2°  5281  (7M.8)  hence  7M.9. 
Apr.      9     The  tail  short  points  towards  210°. 

B.  D.  3°  4356  (7M.2)  -  1  -  #  -  2  -B.  D.  4°  4484  (7M.7)  hence  7M.3. 
Apr.    17     Stellar  nucleus  9M.0.     Total  brightness  6 M. 7. 

Apr.    18     The  head  is  5'  in  diameter;    a  short  tail  about  10'  in  215°.     Stellar  nucleus  9M.0.     Total  bright- 
ness (finder): 

B.  D.  23°  4085  (GM.8)  -2-#-l-B.  D.  23°  4107  (7M.3)  hence  7M.2. 
Apr.    27     Total  brightness  (finder): 

P.  D.  12009  (6M.07)  -3-#-3-P.  D.  12004  (6M.76)  hence  6M.4. 
May     3     Total  brightness  (naked  eye) : 

P.  D.  12658  (5M.29)   -2-#-l-P.  D.  12167  (6M.16)  hence  5M.8. 
May     4     Stellar  nucleus  8M.     Nebulosity,  4'  in  diameter,  extends  12'  in  220°  and  another  branch  5'  in  275°. 

Total  brightness  (binocular): 

P.  D.  12844  (5M.34)   -2-#-l-P.  D.  12658  (5M.29)  hence  5M.3. 
May     7     Total  brightness  (finder): 

B.  D.  86°  344  (6M.0)  -  4  -  ^  -  2  -  B.  D.  83°  20  (7M.0)  hence  6M.7. 
June     4     Total  brightness  0M.6  fainter  than  comparison  star,  hence  8M.6. 
June  30     Faint  nebulosity  near  horizon. 
July      3     Difficult  at  low  altitude. 

#  1921   b 

Apr.   24     Total  brightness  1 1 M . 5  —  Faint  stellar  nucleus. 

May     4     Total  brightness  10M.S.     Nebulosity  about  2'  in  diameter  with  central  condensation  and  slightly 

elongated  towards  250°. 
May     8     Total  brightness  11M.0.     Nucleus  12M. 
May  28     Total  brightness  10M.0.     Small  nucleus  somewhat  eccentrical  so  that  nebulosity  extends  mostly 

towards  50°. 
May   29     The  nebulosity  is  about  10'  in  diameter  and.  the  central  condensation  is  faint. 
June     4     Total  brightness  9M.5. 
June  12     Total  brightness  estimated  in  finder: 

B.  D.  16°  4746  (7M.5)   -5-#-5-B.  D.  16°  4748  (8M.6)  hence  8M.0. 

Nucleus  only  12M.     Nebulosity  extends  3'  in  direction  36°. 

Williams  Bay,  Wis., 

July,   1921. 

ELEMENTS   OF   COMET  a    1921,    (REID), 

By    R.    A.    ROSSITER, 

Computed  at  the  Detroit  Observatory  from  observations  on  March  14.  March  28,  and  April  10 

Time  of  perihelion  pa     .  (T)  1921  May  9.9734  G.  M.  T. 

Longitude  of  perihelion  {it)  332°  51' 25" 

Longitud '  ascending  node  (&)  268   2(120/ 

Inclination      '  132      8   50  \    '  "   ' 

Log  perihelion  distanci  (log  q)  0.003646 

Motion  retrograde 
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NOTE   ON    AX    ANNUAL  TERM   IN   THE   RIGHT  ASCENSIONS, 

[Third  Paper.] 
By   M.    L.    ZIMMER. 


In  two  recent  numbers  of  the  Astronomical  Journal 
it  was  shown  that  clock  corrections  determined  at  or 
near  sunset  were  uniformly  larger  bj  .04  or  .05  than 
the  corresponding  ones  determined  at  or  near  sunrise. 
This  was  later  fully  confirmed  by  Tucker  and  others. 
.1     (2 

From  these  results  I  think  we  are  all  agreed  thai  we 
are  dealing  with  a  very  real  and  definite  phenomenon 
and  that  the  further  publication  of  data  to  establish 
its  reality  would  be  merely  repetitious  and  therefore 
unnecessary.  It  only  remains,  then,  to  determine  its 
nature  and  if  possible  to  discover  its  cause. 

In  order  to  determine  the  form  of  the  curve  described 
during  the  year  the  6  and  18  hour  groups  were  observed 
on  every  favorable  occasion  during  L920.  The  results 
of  these  observations  have  shown  that  the  curve  is  a 
continuous  one,  with  no  steep  gradients  on  either  side 
of  sunrise  or  sunset  such  as  we  should  expect  if  the 
phenomenon  were  due  to  a  lateral  refraction  effect. 
The  mean  results  are  represented  by  the  formula 
+s.02  sin  (a  —  O)  =  (Correction  to  observed  transits) 
practically  without  residual  error.  These  results  re- 
considerable  support  both  from  the  Washington- 
Paris  Longitude  determinations  by  radio  signals  and 
from  the  Cape  Fundamental  observations  for  1900. 
from  the  Cape  Catalogue,  however,  only  those  obser- 
vations made  during  1910  are  adequate  for  determin- 
ing this  term  since  only  in  that  year  were  the  observa- 
tions made  in  such  a  way  that  the  day  minus  night 
could  lie  separated  from  that  of  morning  minus 
evening.  A  least  square  solution  of  the  results  of  thai 
year  gave  precisely  the  same  formula  as  that  found 
from  mine  of  1020.  Solutions  for  the  other  years 
were  indeterminal  e. 

The  fact  thai  certain  stars  of  the  group  for  three  con- 
secutive years  have  consistently  given  As  two  or  three 
time-  as  large  as  others  and  the  lad  that  they  all  con- 
sistently follow  the  above  curve  points  strongly  to 
something  inherenl  in  the  stars  themselves  as  the 
cause  rather  than  to  a  terrestial  one.  It  due  to  a 
terrestial  cause,  such  as  variation  in  the  personal 
equation  of  the  observer  from  evening  to  morning, 
diurnal  variation  of  the  clock  rate,  inequalities  in  the 
revolution  ol  the  Earth  on  its  axis,  or  lateral  refraction, 
1.  Lick  Observatory  Bulletin  No.  323  and  :;:;(). 
'_'      Washing  on- Paris  Longitude  determination  bv    Radio   Signals 

.1    ./.  Vol.  XXIX  No.  1-2. 
3.     Report  of  the  Director  of  the  Department  of  Meridian  Astro- 
metry  <  Carnegie  Year  Book  for  1920. 


etc.,   we  should  expect   the  As  to  be  the  same  for  till 

stars. 

Both   the   Washington  and   Greenwich  observations 

of  the  Moon  contain  a  term  of  similar  character,  '.  <  .; 
corrections  to  its  ephemeris  are  always  found  to  be 
larger  from  the  evening  observations  than  from  the 
morning  ones.  If  any  part  of  this  is  due  to  variations 
in  the  clock  corrections  such  as  those  pointed  out  it 
shows  that  the  cause  producing  such  variations  in  the 
clock  corrections  is  a  stellar  one,  since  if  it  were  a 
i  ial  one  it  would  affect  the  observations  of  the 
Moon  exactly  the  same  as  those  of  the  stars  and  there 

would  be  no  such  de\  iai  ions  in  t  he  Moon's  place.  With 
the  aid  of  Brown's  new  tables,  the  Moon  might  be 
made  to  yield  results  comparable  to  those  of  the  planets 
for  testing  the  phenomenon. 

In  order  to  determine  whether  the  cause  is  a  stellar 
or  terrestial  one  we  have  had  recourse  to  observations 
of  the  two  outer  planets.  Theoretically  observations 
of  both  the  Moon  and  outer  planets  made  at  or  near 
0  o'clock  in  the  evening  and  morning  furnish  a  test. 
These  planets  move  so  slowly  that  for  several  years 
they  may  be  compared  directly  with  a  group  of  stars 
having  the  same  Et.  A.  as  the  planet.  Now  if  the 
phenomenon  which  causes  the  clock  corrections  to  be 
.04  or  .115  larger  in  the  evening  than  in  the  morning 
is  a  true  stellar  one  then  we  should  expect  the  cor- 
rections to  tin'  planet's  ephemeris  to  be  larger  in  the 
evening  than  in  the  morning;  but  on  the  other  hand 
it  due  to  any  terrestial  cause  there  should  be  no  such 
deviations.  Observations  of  Neptune  made  in  Decem- 
ber and  April  by  Tretter  and  of  Uranus  made  in 
November  and  .lime  by  GuiRiN  do  show  such  devia- 
tions and  by  just  about  s.04.  Furthermore  the  cor- 
rections found  from  midnight  observations  tall  almost 
exactly  half  way  between  the  evening  and  the  morning 
ones.  Of  course  one  year's  observations  are  too  few 
to  establish  proof  but  coupled  with  the  oilier  accumu- 
lated evidence  make  ,-i  strong  case  lor  a  stellar  cause, 
and  should  further  observations  confirm  the  above 
results  it  will  furnish  the  complete  solution  of  the 
problem;  but  on  the  other  hand  if  further  observations 
establish  the  fact  that  the  true  causs  is  a  terrestial  one 
it  will,  in  all  probability,  require  an  extensive  investi- 
gation to  arrive  at  a  complete  solution,  and  will  prob- 
ably   require    the    cooperati I'    observatories    180'" 

distant  as  well  as  the  transmission  of  time  by  radio 
signals. 

The  main  object  of  this  note  is  to  call  the  attention 
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of  astronomers  to  the  desirability  of  making  observa- 
tions of  the  outer  planets  and  the  Moon  about  6  hours 
either  side  of  the  Sun  in  order  1c  determine  how  much, 
if  any,  of  the  variation  in  clock  corrections  between 
evening  and  morning  is  due  to  stellar  causes,  since  the 


correct  solution  of  this  problem  is  necessary  for  all 
branches  of  astronomy  which  depend  on  the  determina- 
tion of  the  exact  time. 

Observatorio  National  Argt  niino 
Cordoba,  June,  1921 


ECLIPSES   OF  JUPITER'S   SATELLITES   IN   1921, 

OBSERVED  AT  THE  YERKES  OBSERVATORY, 

By  GEORGE  VAN  BIESBROECK. 
The  observations,  made  with  the  10-inch  or  the  12-inch  refractor,  consisted  mainly  in  recording  the  time  of 
the  first  or  last  speck  of  light.  In  addition  some  estimations  of  the  magnitude  at  various  moments  during  the 
phenomena  were  noted.  G.  M.  T.  has  been  used  throughout.  The  conditions  of  observation  are  indicated  on 
a  scale  from  1  (very  poor)  to  5  (perfect).  0  — C  indicates  the  deviations  from  the  ephemerides  computed  by 
the  Bureau  do  longitudes  from  Sampson's  tables. 
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